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proper «ac f d o s mov 2000 

198006US 

IN THE UNI TED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF 

MASAKAZU YAMAMOTO ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: 09/623,519 : 

FILED: October 3, 2000 : 

FOR: DIAGNOSTIC SYSTEM FOR : 
FLUID MACHINERY 

PRELIMIN ARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows. 

IN THE SPEC IFICATION 
Page 1, line 1, delete "DESCRIPTION" and insert 
-TIT LE OF TH E INVENTION -; 

line 4, delete "Technical Field" and insert 
-BACKGROUND OF THE INVENTION 

Field of the Invention -; 

line 12, delete "Background Art" and insert 
— Discussion of the Back ground — . 

Page 6, line 15, replace "Disclosure of Invention" with 



-SUMMARY OF THE IN VENTIO N-. 
Page 12, line 22, replace "Brief Description of Drawings" with 
— BRIEF DESCRI PTION OF THE DRAWINGS 
A more complete appreciation of the present invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings, wherein:—. 

Page 18, line 4, replace "Best Mode for Carrying Out the Invention" with 
-DESCRIPTION OF THE PREFERRED EMBODIMENTS-. 

IN THE CLAIMS 
Please amend the claims as follows: 

Claim 6, line 7, replace "any one of claims 1 to 5" with —claim 1— , 
Claim 24, line 2, delete "or 23". 

Claim 25, line 2, replace "any one of claims 22 to 24" with —claim 22—. 
Claim 26, line 2, replace "any one of claims 22 to 25" with —claim 22—. 
Claim 27, line 2, replace "any one of claims 22 to 26" with —claim 22—. 
Claim 28, lines 2-3, replace "any one of claims 22 to 27" with —claim 22—. 
Claim 31, lines 2-3, delete "or the line graph of claim 30". 
Please add new Claims 33 and 34 as follows: 

—33. A calculating and graphing system, comprising a computer for obtaining the 
display material of the line graph of claim 30, by inputting data for the flow rate-pressure 
characteristics and flow rate-power consumption characteristics of fluid machinery having a 
motor driven by a commercial AC power. 



34, A recording medium capable of being read by a computer for storing programs to 
enable the computer to implement the calculating and graphing system as claimed in claim 
33.- 



IN THE ABSTRACT 
Page 78, line 5, replace "comprises" with —includes—; 

line 6, replace "means" with —device—; 

line 9, replace "diagnosed; a" with —diagnosed. A—; same line, 
replace "means for identifying" with —device identifies—; 

line 17, replace "operation; and a processing means for computing" 
with —operation. A processor computes™. 



REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present Preliminary Amendment is submitted to place the above-identified 
application in more proper format under United States practice. By the present Preliminary 
Amendment the specification has been amended to include suggested headings. The claims 
have been amended to no longer recite any multiple dependencies. New Claims 33 and 34 
have also been added to recite the cancelled multiple dependencies in original Claims 31 and 
32. The abstract has also been amended to no longer recite any legal phraseology. 



The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Attorney of Record 
Registration No. 25,599 
Surinder Sachar 
Registration No. 34,423 
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DESCRIPTION 

* DIAGN OS TIC SYSTEM FOR FL UID MACH INERY 

Technical Field 

5 The present invention relates to a diagnostic system for 

fluid machinery capable of estimating wasteful energy 
consumption in the fluid machinery and its peripheral devices , 
and more particularly to a system for estimating and verifying 
the minimum required power consumption in equipment using a 
10 cooling water circulating pump or the like. 



Background Art 

A technology for controlling a rotational speed of a motor 
pump using an inverter (frequency converter) is known in the art. 

15 This method is an extremely effective means for energy saving, 
not only in the application of the pump for a feed water supply 
system or the like in which a violent fluctuation of load occurs, 
but also in the application of the circulating pump or the like. 
A general-purpose pump is not manufactured according to 

20 a standard specification. Specifically, the general-purpose 
pump is not manufactured so as to meet a certain specification 
(flow rate, pump head), but such a pump having a performance 
exceeding the required specification is selected from a stock. 
Additionally, design specifications are generally calculated so 

25 as to satisfy a maximum flow rate with plenty of margin of flow 
rate. The energy loss in piping is also determined in 
consideration of margin and aged deterioration. Accordingly, 
when the pump is actually operated, the valve adjustment is 
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conducted for suppressing excessive flow rate, resulting in a 
-waste of the energy . Even if the pump is selected based on 
calculations, waste of energy will be more or less generated. 
A decisive factor of saving energy is to match the 
5 operations of the pump to "true" requirements in order to conduct 
efficient operations without energy loss. Here, ''true" 
requirements are defined as the minimum required flow rate and 
head that can only be found by performing actual operations at 
the site, 

10 For example, if too much margin is found in the capacity 

of the pump when performing actual operations at the site, it 
is possible to save energy by the following methods. 
( 1 ) Replacing the pump with a smaller one having one rank reduced 
capacity. 

15 (2) Machining the outer diameter of the impeller to reduce the 
performance of the pump to an appropriate value. 

However, this process requires an extra expense. Also, 
after performing the above measure, it is difficult to raise the 
performance (recover the performance) when needed. On the other 

20 hand, an inverter can easily and reversibly adjust the pump 
performance, thus achieving operations having the best energy 
efficiency. 

In case of achieving energy-saving by adding an inverter 
to an existing pump, there are several methods, each with its 
25 advantages and disadvantages, described below. 

(1) Controlling an existing motor pump with an inverter 
(Advantage) No modifications are required for the motor pump 
itself. 
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(Disadvantage) The area around the pump is likely to have a lot 
of moisture, and such area is unsuitable for installation of a 
general inverter. Accordingly, it is desirable that the 
inverter is housed inside the control panel. Hence, in addition 
5 to installation of the inverter, it is necessary to modify the 
control panel or manufacture a new control panel. 
(2) Replacing an existing motor pump with an inverter-mounted 
pump 

(Advantage) Essentially no modifications of the control panel 

10 or the like are necessary. 

(Disadvantage) An existing pump is required to be replaced in 
its entirety. Therefore, since the existing pump that has not 
fulfilled its service life is replaced, this method is 
disadvantageous from the viewpoint of cost. 

15 (3) Replacing only a motor of an existing motor pump with an 
inverter-mounted motor 

(Advantage) Only the motor of the pump is replaced. However, 
if the pump is not a direct coupling type, essentially the pump 
assembly must be disassembled and reassembled. Essentially no 

20 modifications of the control panel are necessary. 

(Disadvantage) Since the motor that has not fulfilled its service 
life is replaced, this method is disadvantageous from the 
viewpoint of cost. 

Therefore, it is necessary to select the most effective 

25 method based on the conditions at each site. 

An even greater problem is the lack of a common method for 
calculating the amount of energy conservation achieved by using 
an inverter. That is, no method has been established for finding 
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the "true" requirements of a pump when an inverter is not used 
*and for estimating and verifying the difference between these 
values and the actual operating point. For this reason, even 
though it is known that an inverter contributes to energy 
conservation, how much energy can be conserved cannot be learned. 
As a result, the return of investment of replacing an existing 
pump with an inverter-mounted pump, for example, cannot be 
calculated. This has prevented such energy conservation 
equipment from being permeated through the market. 

As shown in FIG. 42, the flow rate-pressure 
characteristics (Q-H characteristics) of a centrifugal pump are 
represented by a single curved line when the horizontal axis 
represents flow rate (discharge flow rate) and the vertical axis 
represents total head (pressure). According to the situation, 
other data such as pump shaft power (output), pump efficiency, 
suction performance (required NPSH), and electric current (in 
case of motor pumps) may be represented. 

As described above, there has been known a technology for 
controlling a rotational speed of a motor pump using equipment, 
such as an inverter (frequency converter), for changing the 
rotational speed of the fluid machinery. This method is an 
extremely effective method for saving energy, not only in the 
application of the pump for a feed water system or the like in 
which a violent fluctuation of load occurs, but also in the 
application of the circulating pump or the like. 

As described above, a general-purpose pump is not 
manufactured according to a standard specification. 
Specifically, the general-purpose pump is not manufactured so 



as to meet a certain specification (flow rate, pump head), but 
^such a pump having a performance exceeding the required 
specification is selected from a stock. A decisive factor of 
conserving energy is to match the operation point of the pump 
5 to the "true" requirements in order to conduct efficient 
operations without energy loss. Here, "true" requirements are 
defined as the minimum required flow rate and head that can be 
found only by performing actual operations at the site, A 
remarkable amount of energy can be saved by reducing the 

10 rotational speed of the pump with an inverter. 

There have also been proposed pumps having an inverter in 
which the frequency applied to the pump can be controlled 
stepwise with an adjusting knob. As shown in FIGS. 43A and 43B, 
in this type of pump, the Q-H characteristics are represented 

15 by a plurality of curves showing the relationship between the 
flow rate (discharge flow rate) and total head (pressure) when 
the frequency (rotational speed) is varied according to each 
number on the adjusting knob. FIG. 43A is a partial enlarged 
view, and FIG. 43B is a total view. 

20 However, in the conventional technology representing 

characteristics as shown in FIG. 42, even if an inverter is used 
to conserve energy, it is not possible to see the relationship 
between discharge flow rate and total head when varying the 
rotational speed of the pump. Further, the graph contains no 

25 data related to power consumption. As a result, it is necessary 
to perform a bothersome simulation every time in order to find 
the return of investment or cost-effectiveness for installing 
an inverter . 



5 



Although the output for each rotational speed 
corresponding to each number on the adjusting knob is included 
in the conventional technology representing characteristics as 
shown in FIGS. 43A and 43B, the graph contains no data related 
5 to power consumption. Thus, it is necessary to acquire separate 
data such as motor efficiency and inverter efficiency and perform 
a simulation in order to learn how much energy is saved when 
varying the rotational speed. 

In other words , much time and effort is currently required 
10 in the conventional technology to calculate the return of 
investment when using an inverter in a pump to save energy. 
Further, the energy conserving benefits of using pumps with 
inverters have not gained widespread popularity at present. 



15 Disclosure of Invention 

In view of the foregoing, it is a first object of the present 
invention to provide a diagnostic system for fluid machinery 
capable of estimating the amount of energy conservation that can 
be achieved using an inverter (frequency converter) to adjust 

20 a rotational speed of the fluid machinery before performing such 
adjustments. In other words, the first object of the present 
invention is to provide a diagnostic system for fluid machinery 
capable of finding wasteful energy consumption in the fluid 
machinery and its peripheral devices. 

25 It is a second object of the present invention to provide 

an energy-saving pre-diagnostic system for conserving energy in 
fluid machinery capable of easily calculating the amount of 
energy conservation that can be achieved using an inverter 
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(frequency converter) to adjust a rotational speed of the fluid 
machinery. 

It is a third object of the present invention to provide 
a method and material for displaying the characteristics of fluid 
5 machinery that are capable of easily finding the return of 
investment when incorporating (adding) an inverter or the like 
by including data related to power consumption in case of varying 
rotational speeds of fluid machinery such as a pump, and can aid 
in making energy-conserving products more widespread in the 
10 market. 

In order to achieve the first object, the diagnostic system 
for fluid machinery of the present invention has aspects 
described in ( 1 ) - ( 4 ) below • 

(1) A diagnostic system for fluid machinery comprises 

15 first identifying means for inputting prescribed data on the 
fluid machinery to be diagnosed and identifying the 
characteristics of the fluid machinery represented by flow 
rate-head characteristics; second identifying means for 
identifying the operating flow rate or operating pressure of the 

20 fluid machinery according to the relationship between the 
identified characteristics of the fluid machinery and a measured 
operating pressure or operating flow rate of the fluid machinery 
by operating the fluid machinery to be diagnosed and inputting 
the measured results of the operating pressure (head) , operating 

25 flow rate, power consumption, or operating electric current of 
the fluid machinery in operation; and processing means for 
computing variations in the operating flow rate, operating 
pressure, or power consumption while the rotational speed of the 
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fluid machinery to be diagnosed is varied, and for displaying 
>-the computed results . 

(2) A recording medium is capable of being read by a 
computer for storing programs to enable the computer to implement 

5 the functions of: identifying the characteristics of the fluid 
machinery represented by flow rate-head characteristics by 
inputting prescribed data on the fluid machinery to be diagnosed; 
identifying the operating flow rate or operating pressure of the 
fluid machinery according to the relationship between the 

10 identified characteristics and a measured operating pressure or 
operating flow rate of the fluid machinery by operating the fluid 
machinery to be diagnosed and inputting the measured results of 
the operating pressure (head), operating flow rate, power 
consumption, or operating electric current of the fluid 

15 machinery in operation; and computing variations in the 
operating flow rate, operating pressure, or power consumption 
when the rotational speed of the fluid machinery to be diagnosed 
is varied, and displaying the computed results. 

(3) A diagnostic system for fluid machinery comprises 
20 first identifying means for identifying the characteristics of 

the fluid machinery represented by flow rate-head 
characteristics of the fluid machinery to be diagnosed; second 
identifying means for identifying the actual operating point of 
the fluid machinery to be diagnosed; and processing means for 
25 computing variations in the operating point when the rotational 
speed of the fluid machinery to be diagnosed is varied, and for 
displaying the computed results. 

(4) A method for diagnosing fluid machinery comprises 
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identifying the characteristics of the fluid machinery 
-represented by the flow rate-head characteristics of the fluid 
machinery to be diagnosed; identifying the actual operating 
point of the fluid machinery to be diagnosed; computing 
5 variations in the operating point when the rotational speed of 
the fluid machinery to be diagnosed is varied; and displaying 
the computed results . 

According to the above aspects (l)-(4) of the present 
invention, the amount of energy that can be saved by adjusting 

10 the rotational speed with an inverter (frequency converter) can 
be calculated prior to performing the adjustment. 

Each of the means and each of the steps in the present 
invention are implemented by a computer, such as a programmed 
personal computer. However, some of the steps in the above 

15 aspect (4) of the present invention include cases that are not 
executed by a computer but are executed by other means (manual 
operations , etc . ) . 

In order to achieve the first object, according to another 
aspect of the present invention, there is provided a method for 

20 identifying characteristics of fluid machinery comprising: 
calculating the head and shaft power for flow rates by 
determining representative points for characteristics of fluid 
machinery including a representative head and representative 
shaft power and by determining the ratios of head and shaft power 

25 other than the representative flow rate to the representative 
head and representative shaft power based on the port diameter 
of the fluid machinery, the number of impeller stages, and the 
rated output and rated rotational speed of the motor used to drive 
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the fluid machinery; estimating provisional characteristics of 
*the fluid machinery based on the calculated head and shaft power; 
and identifying characteristics of the fluid machinery and the 
operating point including the operating flow rate by correcting 
5 the provisional characteristics of the fluid machinery based on 
measurement data including at least the head and power 
consumption during current operations. 

In order to achieve the second object, according to the 
first aspect of the present invention, there is provided an 

10 energy-saving pre-diagnostic system for fluid machinery, 
comprising: inputting means for inputting flow rate-pressure 
(head) and flow rate-power consumption data for fluid machinery 
having a motor driven by a commercial AC power, and design 
specifications (flow rate-pressure) in a facility side; 

15 inputting or estimating means for inputting or estimating 
resistance of piping (actual head) when the flow rate is zero; 
calculating means for calculating the reduction in power 
consumption achieved when reducing the rotational speed of the 
fluid machinery with a frequency converter; and processing means 

20 for displaying the calculated results - 

According to another aspect of the present invention, 
there is provided a recording medium capable of being read by 
a computer for storing programs to enable the computer to 
implement the functions of: inputting flow rate-pressure (head) 

25 and flow rate-power consumption data for fluid machinery having 
a motor driven by a commercial AC power, and design 
specifications (flow rate-pressure) in a facility side; 
inputting or estimating resistance of piping (actual head) when 
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the flow rate is zero; calculating the reduction in power 
consumption achieved when reducing the rotational speed of the 
fluid machinery with a frequency converter; and displaying the 
calculated results. 
5 In order to achieve the third object of the present 

invention, the present invention has aspects described in 
<l)-<5). 

(1) A method for displaying the characteristics of fluid 
machinery, comprises displaying the flow rate-pressure 

10 characteristics of the fluid machinery varied according to the 
rotational speed on the same surface using a plurality of curves; 
and displaying data related to the power consumption on the same 
surface. 

According to the present invention, it is easy to find the 
15 return of investment when incorporating an inverter, for example, 
because data related to power consumption can be seen 
simultaneously with the flow rate-pressure characteristics of 
the fluid machinery for varied rotational speeds. 

(2) A display material is provided for displaying the 
20 characteristics of the fluid machinery using the method 

described in the above ( 1 ) . This display material can be a sales 
brochure, such as a catalog. 

(3) A fluid machinery or an apparatus for varying the 
rotational speed of the fluid machinery, comprises displaying 

25 the flow rate-pressure characteristics of the fluid machinery 
varied according to the rotational speed on the same surface of 
a promotional material represented by a catalog, using a 
plurality of curves; and displaying data related to the power 
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consumption on the same surface of the promotional material. 

With this construction, the return of investment can be 
easily viewed on a sales brochure or the like when introducing 
a fluid machinery or apparatus for varying the rotational speed 
5 of the fluid machinery , such as an inverter. 

(4) A line graph for the power consumption of fluid 
machinery comprises a plurality of curves indicating the flow 
rate-pressure characteristics of fluid machinery in each of 
rotational speeds and displayed in a coordinate system; and a 

10 plurality of curves indicating the flow rate-pressure 
characteristics of the fluid machinery in each of values of power 
consumption and displayed in the coordinate system. 

(5) A calculating and graphing system, comprises a 
computer for obtaining the display material of claim 28 or the 

15 line graph of claim 30, by inputting data for the flow rate- 
pressure characteristics and flow rate-power consumption 
characteristics of fluid machinery having a motor driven by a 
commercial AC power. Further, a recording medium is capable of 
being read by a computer for storing programs to enable the 

20 computer to implement the calculating and graphing system. 



Brief Description of Drawings 

FIG. 1 is a block diagram showing the hardware 
configuration of a diagnostic system for fluid machinery 
25 according to the present invention; 

FIG. 2 is a graph showing characteristic curves for the 
fluid machinery to describe the process of the diagnostic system; 
FIGS. 3A and 3B are graphs showing characteristic curves 
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for the fluid machinery to describe the process of the diagnostic 
•system; 

FIGS. 4A and 4B are graphs showing characteristic curves 
for the fluid machinery to describe the process of the diagnostic 
5 system; 

FIGS. 5A and 5B are graphs showing characteristic curves 
for the fluid machinery to describe the process of the diagnostic 
system; 

FIG. 6 is a graph showing characteristic curves for the 
10 fluid machinery to describe the process of the diagnostic system; 

FIG. 7 is a graph showing characteristic curves for the 
fluid machinery to describe the process of the diagnostic system; 

FIG. 8 is a graph showing characteristic curves for the 
fluid machinery to describe the process of the diagnostic system; 
15 FIG. 9 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 10 is a graph showing characteristic curves for the 
fluid machinery to describe the process of the diagnostic system; 

FIG. 11 is a graph showing characteristic curves for the 
20 fluid machinery to describe the process of the diagnostic system; 

FIG. 12 is a graph showing characteristic curves for the 
fluid machinery to describe the process of the diagnostic system; 

FIG. 13 is a flowchart showing the general process flow 
performed in the diagnostic system for fluid machinery shown in 
25 FIGS. 1 through 12; 

FIG. 14 is a side view showing a mounting configuration 
of a performance regulating apparatus for fluid machinery 
according to a first embodiment; 
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FIG. 15 is a side view showing a mounting configuration 
of a performance regulating apparatus for fluid machinery 
according to a second embodiment; 

FIGS. 16A and 16B are views showing a detailed structure 
5 of the performance regulating apparatus shown in FIG. 14, and 
FIG. 16A is a front view with a partially cross-sectional part 
and FIG. 16B is a side view; 

FIG. 17 is a cross-sectional view taken along line XVII- 
XVII of FIG. 16A; 
10 FIGS. 18A and 18B are views showing a detailed structure 

of the mounting configuration used with a performance regulating 
apparatus shown in FIG. 15 , and FIG. 18A is a front view with 
a partially cross-sectional part and FIG. 18B is a plan view; 

FIG. 19 is a cross-sectional view taken along line XIX- 
15 XIX of FIG. 18A; 

FIGS. 20A and 20B are views showing a mounting 
configuration used with a performance regulating apparatus for 
fluid machinery according to a third embodiment, and FIG. 2 OA 
is a side view and FIG. 2 OB is a view as viewed from an arrow 
20 XX of FIG. 20A; 

FIGS. 21A and 2 IB are views showing another embodiment of 
the mounting configuration used with a performance regulating 
apparatus for fluid machinery shown in FIGS. 14 through 20, and 
FIG. 21A is a front view and FIG. 21B is a side view; 
25 FIG. 22 is a graph showing characteristic curves for the 

fluid machinery to describe the process of the diagnostic system; 

FIG. 23 is a schematic view showing an example of the 
diagnostic system that can be brought to the work site of the 
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fluid machinery; 

FIG, 24 is a graph showing dimensionless pump 
characteristics (flow rate-head and flow rate-shaft power) for 
specific speeds; 

5 FIG. 25 is a graph showing a specific speed-pump efficiency 

characteristic curve ; 

FIGS. 26A through 26D are views showing the stages of 
estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional 
10 characteristics using flow rate calculated from the head and 
power consumption during current operations and estimated values 
of the efficiency of the fluid machinery and efficiency of the 
motor; 

FIGS. 21 A through 27D are views showing the stages of 
15 estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional 
characteristics using flow rate calculated from the head and the 
power consumption during current operations and estimated values 
of the efficiency of the fluid machinery and the efficiency of 
20 the motor, and the head and the power consumption during shutof f 
operations ; 

FIGS. 28A through 28D are views showing the stages of 
estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional 
25 characteristics using flow rate calculated from the head and the 
power consumption during current operations and estimated values 
of the efficiency of the fluid machinery and the efficiency of 
the motor, and the head and the power consumption during 
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operations when the valve is fully open; 

FIGS. 29A through 29D are views showing the stages of 
estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional 
5 characteristics using flow rate calculated from the head and the 
power consumption during current operations and estimated values 
of the efficiency of the fluid machinery and the efficiency of 
the motor, and the head and the power consumption during both 
shutof f operations and operations when the valve is fully open; 

10 FIGS. 3 OA through 3 0D are views showing the stages of 

estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional 
characteristics, wherein the operating point (flow rate) is 
identified from the provisional characteristics and the head 

15 during current operations, while the provisional 
characteristics are corrected according to the current power 
consumption; 

FIGS. 31A through 3 ID are views showing the stages of 
estimating provisional pump characteristics, identifying the 

20 operating point (flow rate), and correcting the provisional 
characteristics, wherein the operating point (flow rate) is 
identified from the provisional characteristics and the head 
during current operations, while the provisional 
characteristics are corrected according to the current power 

25 consumption and the head and power consumption when the valve 
is fully open; 

FIG. 32 is a graph showing characteristic curves for the 
fluid machinery to describe the process of an energy-saving 
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pre-diagnostic system for fluid machinery according to the 
^present invention; 

FIG. 33 is a graph showing characteristic curves for the 
fluid machinery to describe the process of an energy-saving 
5 pre-diagnostic system for fluid machinery; 

FIG. 34 is a view showing the output indicative of 
diagnostic results from an energy-saving pre-diagnostic system 
for fluid machinery; 

FIG. 35 is a table showing the area A of FIG. 34; 
10 FIG. 3 6 is a schematic view showing an example of the 

energy-saving pre-diagnostic system for fluid machinery 
employing a personal computer; 

FIG. 37 is a graph showing the characteristics of the fluid 
machinery in a method and material for displaying the 
15 characteristics according to a first embodiment of the present 
invention; 

FIG. 38 is a graph showing an example of a trial calculation 
of the return of investment in case of introducing an inverter; 

FIG. 39 is a graph showing the characteristics of the fluid 
20 machinery in a method and material for displaying the 
characteristics according to a second embodiment; 

FIG. 40 is a graph showing the characteristics of the fluid 
machinery in a method and material for displaying the 
characteristics according to a third embodiment; 
25 FIG. 41 is a flowchart showing the general process flow 

performed in a calculating and graphing system; 

FIG. 42 is a graph showing an example of display of a pump 
performance curve according to the prior art; and 
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FIGS. 43A and 43B are graphs showing another example of 
display of pump performance curves according to the prior art. 

Best Mode for Carrying Out the Invention 

5 A diagnostic system for fluid machinery according to 

preferred embodiments of the present invention will be described 
with reference to the accompanying drawings . 

A diagnostic system for fluid machinery comprises a first 
identifying means for identifying the characteristics of the 

10 fluid machinery represented by flow rate-head characteristics 
by inputting specified data on the fluid machinery to be 
diagnosed; a second identifying means for identifying the 
operating flow rate or operating pressure of the fluid machinery 
according to the relationship between the identified 

15 characteristics and a measured operating pressure or operating 
flow rate of the fluid machinery by operating the fluid machinery 
to be diagnosed and inputting the measured results of the 
operating pressure (head), operating flow rate, power 
consumption, or operating electric current of the fluid 

20 machinery in operation; and a processing means for computing 
variations in the operating flow rate, operating pressure, or 
power consumption when the rotational speed of the fluid 
machinery to be diagnosed is changed and for displaying the 
computed results . 

25 FIG. 1 shows the hardware configuration of the diagnostic 

system for fluid machinery according to the present embodiment. 
In the present embodiment, a pump will be described as an example 
of the fluid machinery. 
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The diagnostic system for fluid machinery comprises a main 
-controller 1 for controlling the overall system, and a main 
storage unit 2 connected to the main controller 1. The main 
controller 1 comprises a control unit 3 and an arithmetic unit 
5 4* The main controller 1 is also connected to an input device 

5 including a keyboard, mouse, or the like and an output device 

6 including a printer, display, or the like. In FIG, 1, bold 
arrows show the flow of data and programs, while the thin arrows 
show the flow of control signals. 

10 The main controller 1 has an internal memory (not shown) 

for storing control programs such as an operating system, a 
program prescribing the diagnostic procedure for the fluid 
machinery, and required data, and these programs implement the 
first identifying means, the second identifying means and the 

15 processing means . The main storage unit 2 comprises a hard disk, 
floppy disk, optical disk, or the like and stores data for various 
models of pumps currently appearing on the market. This data 
does not necessarily have to be accurate for each pump. The data 
may be averaged data or modeled element data for identifying the 

20 pump characteristics with a certain degree of accuracy by 
inputting a port diameter or output. 

According to the present invention, by the first 
identifying means incorporated in the main controller 1, it is 
possible to identify, for example, the characteristics of the 

25 motor pump to be diagnosed. More specifically, the following 
example values on the pump rating plate (or nameplate) are 
referenced and inputted into the input device 5. 
• Port diameter of pump 
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• Rated output of motor (or nominal output of pump) 

• Number of poles of motor 

• Operating frequency of motor 

• Number of impeller stages 

5 The first identifying means identifies the flow rate-head 
characteristics and flow rate-power consumption 
characteristics of the pump on the basis of the above data. This 
identification can be made by selecting data stored in the main 
storage unit 2 that most closely resembles the referenced data. 

10 In addition to the above data, the rating plate specif ications , 
model name, the number of impeller stages, outer diameter of the 
impeller, pump test data, and the like are included in data 
inputted into the input device 5 . 

Identified characteristics are displayed with one solid 

15 line, broken lines and diagonal lines as shown in FIG. 2. FIG. 
2 shows the flow rate-head characteristics and flow rate-power 
consumption characteristics of the pump, where the horizontal 
axis represents flow rate (Q) and the vertical axis represents 
head (H) or power consumption (W) . As shown in FIG. 2, the first 

20 identifying means identifies the flow rate-head characteristics 
and flow rate-power consumption characteristics of the pump with 
a prescribed width based on the input results . Hence, the region 
of a diagonal line portion a is identified. The broken lines 
represent the upper and lower limits of the diagonal line portion 

25 a, while the solid line is a centerline of the area shown by the 
diagonal line portion a. The identified results by the first 
identifying means are displayed on the output device 6, which 
includes a liquid crystal display or the like. The diagonal line 
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portion a is refined on the basis of input data and becomes 
-narrower in area. For example, the characteristics can be 
identified with higher accuracy if the manufacturer and model 
name of the pump are known, and hence, the area of the diagonal 

5 line portion a can be minimized, as shown in the progression from 
FIG. 3A to FIG. 3B. 

The results of identification by the first identifying 
means are further refined by inputting the power consumption of 
the fluid machinery at the actual operating point. That is, the 

10 power consumption of the motor during actual operations is 
measured and the result is inputted into the input device 5 to 
refine the identification. Here, the region of the diagonal line 
portion a is revised to include the value of actual power 
consumption for the motor, as shown in the progression from FIG. 

15 4A to FIG. 4B. 

The results of identification by the first identifying 
means are further refined by inputting the operating pressure 
and power consumption during actual shutoff operations, as 
illustrated in the progression from FIG. 5A to FIG. 5B. 

20 Specifically, the diagonal line portion a is corrected to include 
the values of the operating pressure and power consumption during 
actual shutoff operations. 

The results of identification by the first identifying 
means may be corrected further by inputting test data (flow 

25 rate-head and flow rate-power consumption) for the pump obtained 
in the factory prior to shipment, for example. In this case, 
it is possible to identify the characteristics of the pump with 
a very high degree of accuracy, as shown in FIG. 6. Actually, 
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an identification near the accuracy of that shown in FIG* 6 may 
-be possible by inputting only some of the above data without 
requiring input of test data for the pump. In this case, it is 
possible to obtain an identification similar to that of FIG. 6 
5 by selecting the centerline through the area of the diagonal line 
portion a after achieving the refinement shown in FIG. 5B. 

By using the second identifying means on the pump 
characteristics identified by the first identifying means, it 
is possible to identify the operating point of the pump in this 

10 facility or equipment. Identification by the second 
identifying means is performed by operating the pump to be 
diagnosed; measuring the actual operating pressure (head), 
operating flow rate, or power consumption; and inputting this 
measurement into the input device 5 . 

15 (1) In case of inputting the operating pressure 

The operating pressure is calculated by measuring the 
suction pressure and discharge pressure of the pump. By 
inputting the operating pressure, it is possible to identify the 
operating flow rate and power consumption, as shown in FIG, 7, 

20 by finding an intersecting point between the flow rate-head 
characteristic curve and the flow rate-power consumption 
characteristic curve . 

(2) In case of inputting the operating flow rate 

The operating flow rate is measured with a flowmeter. By 
25 inputting the operating flow rate, it is possible to identify 
the operating pressure (head) and power consumption, as shown 
in FIG. 8, by finding an intersecting point between the flow 
rate-head characteristic curve and the flow rate-power 
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consumption characteristic curve. 

-(3) In case of inputting power consumption 

The power consumption of the motor during operations is 
measured with a wattmeter. By inputting the power consumption, 
5 it is possible to identify the operating pressure (head) and 
operating flow rate, as shown in FIG. 9, by finding an 
intersecting point between the flow rate-head characteristic 
curve and the flow rate-power consumption characteristic curve. 
The operating current of the motor can also be measured and 
10 inputted in place of the power consumption data. 

Actually, however, expensive measuring equipment is 
required to measure flow rate and power consumption, and such 
work is time-consuming. The operating pressure, on the other 
hand, can be easily calculated simply by attaching a compound 
15 pressure gauge to the suction side of the pump and a pressure 
gauge to the discharge side of the pump. 

It is convenient to find the actual head and input this 
value before utilizing the processing means. This is because 
it is possible to calculate the system head curve on the facility 
20 side {piping side) with the actual head. The following 
expressions are in relation to FIG. 10. 
H x - H 0 = K X Q 2 2 

Therefore, K 1 — (E 1 - E Q ) I Q a 2 , where E 1 is the total head, 
H 0 is the actual head, and Q 1 is the flow rate. 
25 Hence, by identifying Q 17 H lf and H 0/ it is possible to find 

Therefore, the resistance F on the facility side (piping 
side) can be found for any flow rate Q, as follows: 
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F = H 0 + K,Q 2 = H 0 + (H, - H 0 ) (Q/Q,) 2 
-The actual head can be accurately determined with a controller 
described later. If it is difficult to find the actual head, 
it is possible to input provisional values for approximately 
5 three types of actual heads, represented by models 1, 2, and 3 
in FIG. 11. 

Next, the function of the processing means will be 
described - 

In FIG. 12, the curve a 8 shows the flow rate-head 

10 characteristics of a pump identified by the first identifying 
means. The curve a 8 includes a plurality of points which are 
not shown. The coordinates of these points are defined by flow 
rate and head, as in (q 17 h x ), (q 2 , h 2 ), .... 

The processing means establishes a rotational speed ratio 

15 for these points. If the rotational speed ratio is 0.95, for 
example, then q x is shifted to q 1 * 0.95 and h x is shifted to h x 
x 0.95 2 . This generates the points (0.95q lf 0 .95 2 h x ), (0.95q 2 , 
0.95 2 h 2 ), .... The curve a 7 is the line connecting these points. 
This process is repeated for rotational speed ratios of 0.90, 

20 0.85, 0.80, ... to form curves a 6 -a 1 . 

The curve /3 is the system head curve on the facility side 
(piping side) calculated by the above-described method shown in 
FIG. 10. The point denoted by (8) in the drawing is the actual 
operating point, while points (7)-(l) are the operating points 

25 obtained by calculations in case of varied rotational speeds. 

The curve 7 8 indicates the flow rate-power consumption 
characteristics of the pump identified by the first identifying 
means. The curve 7 8 includes a plurality of points which are 
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not shown. The coordinates of these points are defined by flow 
-rate and power consumption, as in (q lf w x ), (q 2 , w 2 ), .... 

The processing means establishes a rotational speed ratio 
for these points as described above. If the rotational speed 
5 ratio is 0.95, for example, then q 1 is shifted to q 1 x 0.95 and 
w x is shifted to w x * 0 . 95 3 . 

This example assumes that the pump efficiency and the motor 
efficiency do not change, even when the rotational speed changes . 
Nor does the example consider heat loss due to frequency 
10 conversion when using an inverter. The power consumption may 
be more accurately calculated by considering these factors. 

As described above, this process generates the points 

(0.95q x , 0 .95 3 w x ), (0.95q 2 , 0 . 95 3 w 2 ), The curve 7 7 is the 

line connecting these points. This process is repeated for 
15 rotational speed ratios of 0.90, 0.85, 0.80, ... to form curves 
7 6 -7i- The power consumption corresponding to the operating 
points of (8)-(l) are indicated by points on the curves y 8 - 

The triangle with diagonal lines in FIG. 12 indicates the 
20 design point of the equipment. Hence, when a flow rate of 3500 
1/min is required, then the piping resistance that includes 
actual head is determined to be 3 8.5 meters according to 
calculations. However, the point (8) is the actual operating 
point. 

25 The discrepancy between the design point and the actual 

operating point is generated by the factors described above 
(refer to the prior art section) . In this example, the flow rate 
during actual operations exceeds the flow rate at the design 
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point by 40 percent. 

The processing means displays the proper rotational speed 
of the pump for the flow rate at the design point and the power 
consumption at that rotational speed (operating point) . In this 
5 example, point (4) is the proper operating point. A comparison 
of the proper operating point (4) and the actual operating point 
(8) is shown in Table 1 below. 



Table 1 



^"^^Operating point 

Item 


Actual operating point 
(8) 


Proper operating point 
(4) 


Flow rate 


4900 l/min 


3500 l/min 


Head 


27.5 m 


21 m 


Rotational speed ratio 


1.0 


0.8 


Power consumption 


38 kW 


19 kW 



10 

As seen in the table, a 50 percent reduction in power 
consumption can be obtained. 

In the example described above, the flow rate at the design 
point is defined as the proper operating point. However , this 
15 is not always true. It is actually more common to set the flow 
rate at the design point slightly larger than the required flow 
rate in order to provide some margin. In this case, it is 
possible to further lower the rotational speed and further reduce 
power consumption. Hence, by performing operations at the 
20 "true" requirements, an energy-saving can be achieved. 

Establishing provisional values for the actual head, as 
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shown in FIG. 11 , would generate three curves j8 shown in FIG. 
-12. In this case, it is possible to either identify one curve 
j8 by further narrowing the conditions and output one diagnostic 
result by comparing this curve to the design point of the 
5 equipment, or output 3 diagnostic results based on comparing each 
curve j3 to the design point of the equipment. 

FIG. 13 is a flow chart showing an outline of the process 
flow performed in a diagnostic system for fluid machinery shown 
in FIGS. 1 through 12 and described above in detail. 
10 In step 1, data (the port diameter of the pump, rating 

output of the motor, and the like) for identifying the 
characteristics of the fluid machinery which is to be diagnosed 
and is actually in operation is inputted into the input device 
5. 

15 In step 2, data (measured values such as the operating 

pressure, operating flow rate, or the like) for identifying the 
operating point of the fluid machinery which is actually in 
operation is inputted into the input device 5 . 

In step 3, data (the actual head or the like) for 
20 identifying the resistance characteristics on the facility side 
is inputted into the input device 5. 

In step 4, the transition of the operating point for the 
fluid machinery caused by a change in the rotational speed of 
the fluid machinery is calculated by the arithmetic unit 4 and 
25 displayed on the output device 6 . 

In this manner, according to the present invention, the 
amount of wasteful energy consumed in the pump or its peripheral 
devices can be found without the need for bringing an inverter 
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or the like to the work site- Accordingly, it is possible to 
-clarify the return of investment or cost-effectiveness when 
introducing an inverter or the like, and therefore to help 
popularize energy saving systems on the market. 
5 As a means for eliminating wasteful energy found in the 

method described above, the present invention proposes a 
controller having a frequency converter as its main component. 
The applicant of the present invention proposes a performance 
regulating apparatus for the fluid machinery for use in 

10 combination with the present invention as an optimal controller. 

A suitable performance regulating apparatus for fluid 
machinery for use in combination with the present invention will 
be able to adjust or regulate the performance of a pump easily 
in order to save energy. Specifically, the performance 

15 regulating apparatus enables the performance of the pump to be 
adjusted simply by adding an inverter and essentially without 
changing the existing pump and control panel. 

Next, the performance regulating apparatus for fluid 
machinery will be described. 

20 FIG. 14 shows a mounting configuration of a performance 

regulating apparatus for fluid machinery according to a first 
embodiment of the present invention. A pump unit 101 comprises 
a pump 103 and a motor 104 mounted on a common base 102. Fluid 
introduced through a suction pipe 105 passes through a 

25 suction-side gate valve 106 and a short pipe 107 and is sucked 
into the pump 103 via a suction port 103a. After the pressure 
of the fluid is increased in the pump 103, the fluid is discharged 
from a discharge port 103b. The discharged fluid is introduced 
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into the discharge pipe 110 through a check valve 108 and a 
-discharge-side gate valve 109. 

A performance regulating apparatus 111 for fluid machinery 
(hereinafter referred to as regulating apparatus) is mounted on 
5 the short pipe 107 through a heat radiating means 112. The heat 
radiating means 112 is composed of an aluminum alloy having good 
thermal conductivity. In the present embodiment, the heat 
radiating means 112 is fixed to the regulating apparatus 111 by 
bolts (not shown), and also fixed to the short pipe 107 via U-bolts 

10 (not shown) . 

Electric power supplied from a control panel 113 is 
supplied from an input cable 114 as an input means of the 
regulating apparatus 111 to a frequency converter housed in the 
regulating apparatus 111, which converts the frequency of the 

15 supplied electric power. The electric power whose frequency has 
been converted is supplied from an output cable 115 as an output 
means of the regulating apparatus 111 to the electric motor 104. 
Although heat loss occurs in the regulating apparatus 111 due 
to the frequency conversion, in the present embodiment, the 

20 generated heat is transferred to the fluid handled by the pump 
via the heat radiating means 112 and the short pipe 107. 

FIG. 15 shows a mounting configuration of a regulating 
apparatus according to a second embodiment of the present 
invention. A pump unit 101 comprises a pump 103 and a motor 104 

25 mounted on a common base 102 . Fluid introduced through a suction 
pipe 105 passes through a suction-side gate valve 106 and a short 
pipe 107 and is sucked into the pump 103 via a suction port 103a. 
After the pressure of the fluid is increased in the pump 103, 
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the fluid is discharged from a discharge port 103b. The 
-discharged fluid is introduced into the discharge pipe 110 
through a check valve 108 and a discharge-side gate valve 109* 
Electric power supplied from a control panel 113 is 
5 supplied from an input cable 114 as an input means of the 
regulating apparatus 111 to a frequency converter housed in the 
regulating apparatus 111, which converts the frequency of the 
supplied electric power. The electric power whose frequency has 
been converted is supplied from an output cable 115 as an output 
10 means of the regulating apparatus 111 to the electric motor 104. 

In the embodiment shown in FIG. 15, a heat radiating means 
112 is composed of a water-cooled jacket of stainless steel, and 
is fixed to the regulating apparatus 111 by bolts (not shown) 
and to a flange bolt on the short pipe 107 via an L-shaped mounting 
15 bracket 116. The fluid discharged from the pump is introduced 
into the heat radiating means 112 via a small pipe 117, and 
subsequently bypassed into the suction side of the pump via a 
small pipe 118. 

In the present embodiment, heat generated during frequency 
20 conversion is radiated through the heat radiating means 112, the 
small pipe 117, and the small pipe 118 into the fluid handled 
by the pump. 

In the present embodiment, as shown in FIG. 15, a thermal 
insulation is provided in the area indicated by a dotted line 
25 119. This thermal insulation prevents heat from being 
transferred from the surface of the pipes to the atmosphere 
during cooling water circulation and the like. In this case, 
it is difficult to employ the mounting configuration of the first 
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embodiment shown in FIG. 14, but the mounting configuration of 
-the present embodiment is effective. 

FIGS. 16A and 16B are views showing a detailed structure 
of the regulating apparatus shown in FIG. 14, and FIG. 16A is 
5 a plan view with partially cross-sectional part and FIG. 16B is 
a side view. 

A heat radiating means 112 is fixed to the short pipe 107 
by U-bolts 120. The input cable 114 and the output cable 115 
ensure an airtightness with the regulating apparatus 111 by a 
10 method similar to underwater cables used in submerged motor pumps , 
for example. An O-ring 121 is provided to prevent external air 
from being introduced into the apparatus through the contact 
surfaces of the heat radiating means 112 and the regulating 
apparatus 111. 

15 Next, the peripheral construction of the regulating 

apparatus 111 will be described with reference to FIG. 17 which 
is a cross-sectional view taken along line XVII-XVII of FIG. 16A. 
A frequency converter 48 is housed in a case comprising a base 
46 and a cover 47 . The base 4 6 and the cover 47 are fixed together 

20 through a seal member 58 by bolts (not shown) to thereby keep 
an airtightness against external atmosphere. 

The frequency converter 4 8 is fixed closely to the base 
46 in order to transfer generated heat to the base 46. In the 
same manner, the base 4 6 and the heat radiating means 112, and 

25 the heat radiating means 112 and the short pipe 107 are closely 
fixed to each other, respectively. As a result, heat generated 
in the frequency converter is transferred efficiently to the 
fluid handled by the pump, thereby eliminating the need of a 
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cooling fan or the like used in general-purpose inverters . Hence, 
-there is no fear of poor cooling caused by a fan failure. The 
heat radiating means 112 is fastened to the base 46 by bolts 55. 
Further, since the inside of the case is cut off from external 
5 atmosphere, the frequency converter is not likely to suffer from 
insulation deterioration caused by weather or dew condensation. 

FIGS. 18A and 18B are views showing a detailed structure 
of the regulating apparatus shown in FIG. 15, and FIG. 18A is 
a front view with partially cross-sectional part and FIG. 18B 
10 is a plan view. A heat radiating means 112 is composed of a 
water-cooled jacket of stainless steel and is provided with a 
fluid inlet/outlet 122. The input cable, the output cable, and 
the O-ring 121 have the same structure as those in the example 
of FIG. 16. 

15 Next, the peripheral construction of the regulating 

apparatus 111 will be described with reference to FIG. 19 which 
is a cross-sectional view taken along line XIX-XIX of FIG. 18A. 
A frequency converter 48 is housed in a case comprising a base 
4 6 and a cover 47 . The base 46 and the cover 4 7 are fixed together 

20 through a seal member 58 by bolts (not shown) to thereby keep 
an airtightness against external atmosphere. 

The frequency converter 4 8 is fixed closely to the base 
46 in order to transfer generated heat to the base 46. In the 
same manner, the base 46 is closely fixed to the heat radiating 

25 means 112. As a result, heat generated in the frequency 
converter is transferred efficiently to the fluid handled by the 
pump, thereby eliminating the need of a cooling fan or the like 
used in general-purpose inverters. 
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Ribs 123 have three roles. The first role is to enhance 
-the strength and rigidity of the heat radiating means 112 in order 
that the water-cooled jacket is not deformed by the pressure of 
the fluid. The second role is to guide the flow of fluid within 
5 the jacket in order to preserve its holding time therein. The 
third role is to improve the radiating effect by increasing the 
area of contact with the fluid. According to the present 
embodiment, the apparatus can be easily and effectively cooled, 
even if a thermal insulation is provided around the piping. 
10 Next, a third embodiment of the present invention will be 

described with reference to FIGS. 2 OA and 2 OB. The basic 
structure of the apparatus in the third embodiment is the same 
as that in the first and second embodiments. However, the 
regulating apparatus 111 of the third embodiment is an air-cooled 
15 type that includes a coupling 126 joining the pump 103 and the 
motor 104 and utilizes the air flow generated by the rotation 
of the coupling 126. 

As shown in FIG. 2 OB (view as viewed from an arrow XX of 
FIG. 20A) , a coupling guard is disposed around the coupling 126 
20 for preventing accidents. In the present embodiment, the 
coupling guard serves as a heat radiating means 112. 

Here, the coupling guard (heat radiating means) 112 is 
composed of an aluminum alloy and provided with a plurality of 
cooling ribs (fins) 128 for improving the cooling effect of the 
25 air flow described above. The structure of the case is the same 
as that in the first and second embodiments, and the case can 
withstand wind and rain. 

Next, the embodiment shown in FIGS. 21A and 2 IB will be 
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described. FIGS. 21A and 2 IB show another embodiment of the 
-apparatuses shown in FIGS. 14 through 20, and FIG. 21A is a front 
view and FIG. 2 IB is a side view. In brief, the present 
embodiment is different from other embodiments in that the output 
5 cable 115 is provided on the base 46. 

This construction is even simpler, because there is no need 
to mount the output cable 115 on the heat radiating means 112. 
Further, it is obvious that this construction can be applied both 
to the water-cooled jacket type and the air-cooled type. 
10 In FIGS. 16A, 16B, 18A, 21A, and 21B, a screw cap 124 is 

provided for ensuring an airtightness against external 
atmosphere via an O-ring (not shown) interposed therebetween. 
An adjusting means for adjusting output frequency is provided 
inside the screw cap 124. For example, the adjusting means 
15 comprises a rotary step switch for appropriately adjusting the 
rotational speed of the fluid machinery. 

As is intentionally not shown in the drawings, in the 
present invention, there is no component corresponding to a 
switch for turning output from the frequency converter on and 
20 off. Thus, the frequency converter is constructed to provide 
output automatically when electric power is supplied thereto. 
Accordingly, there is no restriction on a position where the 
apparatus is attached to the pipe. For example, the apparatus 
can be mounted at a position out of reach from children or in 
25 a small space, because the fluid machinery starts and stops 
simply by turning the power on and off. 

By incorporating the performance regulating apparatus 
(hereinafter referred to as controller) for fluid machinery 
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shown in FIGS . 14 through 2 IB in the system of the present 
-invention , it is possible to find the amount of wasteful energy 
in the fluid machinery with good accuracy. This controller can 
set the output frequency to eight different settings at a 5 
5 percent step. Since these steps correspond to the rotational 
speed ratio of the processing means described above , it is 
possible to verify the actual power consumption while operating 
the system. In the processing means described above, heat loss 
by the inverter was ignored. However, an accurate value for 

10 power consumption can be calculated as measured data by actually 
driving the apparatus with the inverter. 

This controller serves as not only a means for estimating 
the amount of wasteful energy but also an extremely effective 
means for eliminating the estimated wasteful energy. This is 

15 because the controller can withstand use in the outdoors, which 
is a common installation site for pumps. The controller is not 
required to be housed in a control panel, and hence any special 
alteration or construction expenses are not required. The 
controller can be taken to the site, installed, and tested to 

20 determine whether it is cost-effective. Then, if it is 
cost-effective, the controller may be left installed. 

By using this controller, the actual head can be found with 
great accuracy. As shown in FIG. 22, the operating pressure 
(head) when the valve (gate valve) is open is compared to the 

25 operating pressure when the valve is closed, while varying the 
rotational speed of the pump, and the actual head is found at 
the point where there is no difference between the two operating 
pressures. As shown in Table 2, the actual head in this example 
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is 19 meters, 
Table 2 



No. 


(8) 


(7) 


(6) 


(5) 


(4) 


(3) 


(2) 


(D 


Rotational speed ratio 


1.0 


0.95 


0.90 


0.85 


0.80 


0.75 


0.71 


0.67 


Head 


Valve closed 


41.5 


37.5 


33.5 


30 


26 


23 


21 


19 


(m) 


Valve open 


32 


29.5 


27.5 


25.5 


23.5 


22 


20 


19 



y Actual head: 19m 



Accordingly , the actual head can be easily found using the 
5 controller of the present invention, even in the case where the 
actual head is difficult to be found (for example, with a complex 
piping system) . By inputting this value into the input device 
5 and executing the processing means, the accuracy of the system 
is further improved. 

10 The first identifying means , the second identifying means , 

and the processing means described above are implemented as 
programs for operating a computer and stored on a storage medium. 
This storage medium can be incorporated into a notebook type 
personal computer or the like, which can be easily carried to 

15 the site of the pump installation. 

FIG. 23 shows an example of equipment that can be carried 
to the operating site of the fluid machinery to be diagnosed. 
This equipment includes a personal computer PC comprising a main 
controller 1 (having a control unit 3 and an arithmetic unit 4) , 

20 a main storage unit 2, an input device 5, and an LCD forming part 
of an output device 6, all of which are shown in FIG. 1; a floppy 
disk (FD) or CD-ROM serving as the storage medium for storing 
the above programs; and a printer PR forming another part of the 
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output device 6. The equipment further includes a compound 
-pressure gauge C PG attached to the suction side of the fluid 
machinery such as a pump; a pressure gauge P G attached to the 
discharge side; and a power meter P w for measuring power 
5 consumption of the motor for driving the fluid machinery. 

As described above, the present invention can find the 
amount of wasteful energy consumption in the fluid machinery and 
its peripheral devices. Specif ically, the amount of wasteful 
energy consumed in the fluid machinery and its peripheral devices 

10 can be estimated without installing an inverter on the site. 
Accordingly, the return of investment of introducing an inverter 
or the like can be found to help popularize energy conserving 
equipment on the market. 

The controller (performance regulating apparatus) of the 

15 present invention makes it possible to identify and eliminate 
wasteful energy. Since the controller of the present invention 
has the effect of decreasing the rotational speed of the fluid 
machinery, it can be expected to extend the life of the bearings, 
mechanical seals, and the like. 

20 The present invention can perform its energy saving 

diagnosis without shutting off the pump, changing the opening 
degree of the valve, or causing some other hindrance to the user ■ s 
equipment. In other words, the diagnosis can be executed during 
equipment operations, on a workday rather than a holiday. 

25 The present invention is also suitable when an energy 

saving diagnosis of greater accuracy is required. This 
procedure, however, requires that the equipment is shut down or 
data is gathered in case of changing the opening degree of the 
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valve. 

The present invention can be applied in various situations 
to perform appropriate measures as required by the circumstances , 
such as adding a controller or converting the fluid machinery 
5 to a small fluid machinery having a one rank smaller capacity. 

Further, since the loss in the piping side (facility side) 
can be found, it is possible to perform a simple trial calculation 
of energy conservation achieved by increasing the piping 
diameter by one rank. 

10 Next, a method for identifying characteristics of fluid 

machinery according to the present invention will be described 
based on the example of a centrifugal pump. The following method 
employs the first and second identifying means of the embodiments 
shown in FIGS. 1 through 13. 

15 Generally, models of centrifugal pumps are designed so as 

to cope with port diameters, motor output and rotational speed. 
The range of flow rate is approximately determined by the port 
diameter and the rated rotational speed of the motor, and the 
head is approximately determined by the motor output . Therefore, 

20 the specific speed N s of the centrifugal pump can be estimated 
from its port diameter, the number of impeller stages, and the 
motor output and rotational speed. Here, the specific speed N s 
is defined by the following expression and used at the design 
stage. 

25 N s = NQ 1/2 / H 3/4 

Here, N denotes the rotational speed, Q the flow rate, and H the 
head at a single impeller stage. 

Characteristics of the pump including the flow rate-head 
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characteristics and flow rate-shaft power characteristics vary 
-according to specific speed. The pump efficiency also varies 
according to specific speed. The above pump characteristics 
(the flow rate-head characteristics and flow rate-shaft power 
5 characteristics) can be depicted for specific speeds as 
dimensionless characteristics of the pump, shown in FIG. 24 . The 
pump efficiency can be arranged as specific speed-pump 
efficiency characteristics, shown in FIG. 25. In FIG. 24, the 
horizontal axis represents dimensionless flow rate (Q), while 

10 the vertical axis represents both dimensionless head (H) and 
dimensionless shaft power (kW) . The characteristics of the pump 
are indicated for specific speeds (N s ) of 560, 400, 280, 
50. In FIG. 25, the horizontal axis represents specific speed 
(N s ), while the vertical axis represents pump efficiency r? (%). 

15 Hence, by setting representative points (flow rate, head, 

and shaft power having dimensions) in FIG. 24, it is possible 
to estimate the overall pump characteristics as provisional 
characteristics . 

Once the provisional characteristics of the pump have been 

20 estimated, the characteristics of the fluid machinery can be 
identified by correcting the provisional characteristics so that 
they match the pump operating point ( flow rate) and measured data 
(head and power consumption) during pump operations. Data for 
FIGS. 24 and 25 is prepared in a database. 

25 Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described 
with reference to FIGS. 26A through 2 6D. Here, the provisional 
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characteristics are corrected using flow rate calculated from 
-the head and power consumption during current operations and 
estimated values of the efficiency of the fluid machinery and 
the efficiency of the motor. 
5 In the step shown in FIG. 26A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 
data including the port diameter ( 0 ) and the number of stages 
(STG); the motor data including rated output (P 0 ) and rated 
rotational speed (N); and measured data including the head (H) 

10 and power consumption (Pi) during current operations. 

Next, the main controller 1 shown in FIG. 1 performs the 
following five steps to create the provisional pump 
characteristics shown in FIG. 26B. In step 1, the specific speed 
(N s ) is identified by the pump port diameter ( <t>) and the number 

15 of stages { STG) , the rated output (P 0 ) of the motor and the rated 
rotational speed (N) of the motor. In step 2, the flow rate at 
the best efficiency point (Q BEP ) is identified by the pump port 
diameter { 0 ) and the number of stages (STG) , the rated rotational 
speed (N) of the motor, and the specific speed (N s ) . Here, Q BEP 

20 is defined as flow rate at the best efficiency point. In step 
3, the pump efficiency (?? P ) is identified by the pump port 
diameter (0) and the number of stages (STG) and the specific 
speed (N s ) . In step 4, the head at the best efficiency point 
(H BEP ) is calculated according to the expression H BEP = ?? 

25 P - P 0 /0 . 163 * y* Qbep* Here, H BE3 > is defined as pump heat at the best 
efficiency point, and y is the specific weight of the fluid. In 
step 5, provisional pump characteristics as shown by the dotted 
lines in FIG. 2 6B are created using the dimensionless 
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characteristics of the pump shown in FIG. 24 based on the 
-identified specific speed and representative point [(Q BEP , H BEP ) 
and (Q BEP , P 0 )]« That is, a flow rate-head characteristic curve 
corresponding to the specific speed (N s ) identified in step 1 
5 is selected from FIG. 24. Then, a provisional flow rate-head 
characteristic curve is created by depicting the selected flow 
rate-head characteristic curve such that the point (1.0, 1.0) 
in FIG. 24 overlaps the point (Q BEP , H BEP ) in FIG. 26B. Further, 
a flow rate-shaft power characteristic curve corresponding to 

10 the specific speed (N s ) identified in step 1 is selected from 
FIG. 24. Then, a provisional flow rate-shaft power 
characteristic curve is created by depicting the selected flow 
rate-shaft power characteristic curve such that the point (1.0, 
1.0) in FIG. 24 overlaps the point (Q BEP , P 0 ) in FIG. 26B. Data 

15 for steps 1-3 is prepared in a database. 

Next, the flow rate identification shown in FIG. 2 6C is 
performed according to the following two steps. In step 1, the 
motor efficiency (v^) is identified by the rated output (P 0 ) of 
the motor. In this case, the data is stored in a database in 

20 order that the motor efficiency (?? M ) can be identified by 
inputting the rated output (P 0 ) of the motor. In step 2, the 
current flow rate (Q) is calculated according to the expression 
Q = 77m* ??p-Pi/0.163 *Y'H. Since the current flow rate (Q) and the 
motor efficiency (v M ) are identified in steps 1 and 2 and the 

25 current head (H) is known, the identified operating point can 
be illustrated in a graph of flow rate-head shown in FIG. 26C. 
Further, the identified operating point can be illustrated in 
a graph of flow rate-shaft power by calculating Pi*?? M . 
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Next, the following two steps are performed to identify 
-pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 26D. The dotted line in FIG. 
26D denotes the provisional pump characteristics, while the 
5 solid line indicates the corrected pump characteristics. In 
step 1, the provisional head characteristics are corrected by 
the ratio H A /H B . In step 2, the provisional shaft power 
characteristics are corrected by the ratio P A /P B . Here, H A and 
P A are the head and the shaft power at the operating point 
10 specified in FIG. 2 6C. H B and P B are the head and the shaft power 
on the provisional pump characteristic curve at the current flow 
rate (Q) . 

Next, the stages of estimating provisional pump 
characteristics, identifying the operating point (flow rate), 

15 and correcting the provisional characteristics are described 
with reference to FIGS. 27A through 2 7D. Here, the provisional 
characteristics are corrected using flow rate calculated from 
the head and the power consumption during current operations and 
estimated values of the efficiency of the fluid machinery and 

20 the efficiency of the motor, and the head and the power 
consumption during shutoff operations. 

In the step shown in FIG. 27A, data is inputted into the 
input device 5 shown in FIG. 1. This data includes the pump type 
data including the port diameter { 0 ) and the number of stages 

25 (STG); the motor data including rated output (P 0 ) and rated 
rotational speed (N); and measured data including the head (H) 
and power consumption (Pi) during current operations, and the 
head (H s ) and power consumption (Pis) during shutoff operations. 
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Next, the main controller 1 shown in FIG. 1 performs the 
-following three steps to create the provisional pump 
characteristics shown in FIG. 27B. In step 1, the specific speed 
(N s ) is identified by the pump port diameter ($) and the number 
5 of stages (STG) , the rated output (P 0 ) of the motor and the rated 
rotational speed (N) of the motor. In step 2, the flow rate at 
the best efficiency point (Q BEP ) is identified by the pump port 
diameter ( 0 ) and the number of stages (STG) , the rated rotational 
speed (N) of the motor, and the specific speed (N s ). In step 

10 3, provisional pump characteristics as shown in FIG. 27B are 
created by setting Q BEP as the representative point in the X 
direction and head (H s ) and power consumption (Pis) during 
shutof f operations as the representative point in the Y direction. 
Here, the provisional pump characteristics are created using the 

15 dimensionless characteristics of the pump shown in FIG. 24, as 
described in the embodiment shown in FIGS. 2 6A through 2 6D. Data 
for steps 1 and 2 is prepared in a database. 

Next, the flow rate identification shown in FIG. 27C is 
performed according to the following two steps. In step 1, the 

20 motor efficiency ( ?? M ) is identified by the rated output (P 0 ) of 
the motor. In this case, the data is stored in a database in 
order that the motor efficiency ( 7? M ) can be identified by 
inputting the rated output (P 0 ) of the motor. In step 2, the 
current flow rate (Q) is calculated according to the expression 

25 Q = ?? M * ??p-Pi/0 .163 *y*H. Since the current flow rate (Q) and the 
motor efficiency (t? m ) are identified in steps 1 and 2 and the 
current head (H) is known, the identified operating point can 
be illustrated in a graph of flow rate-head shown in FIG. 27C. 
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Further , the identified operating point can be illustrated in 
-a graph of flow rate-shaft power by calculating Pi*7? M . 

Next, the following two steps are performed to identify 
pump characteristics by correcting provisional pump 
5 characteristics, as shown in FIG. 27D. The dotted line in FIG. 
27D denotes the provisional pump characteristics, while the 
solid line indicates the corrected pump characteristics. In 
step 1, the provisional flow characteristics are corrected by 
the ratio Q/Q B . In step 2, the shaft power curve is corrected 
10 to approximate a curve through points (0, Pis * v M ) and (Qr 

Next , the stages of estimating provisional pump 
characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described 

15 with reference to FIGS . 2 8A through 2 8D. Here, the provisional 
characteristics are corrected using flow rate calculated from 
the head and the power consumption during current operations and 
estimated values of the efficiency of the fluid machinery and 
the efficiency of the motor, and the head and the power 

20 consumption during operations when the valve is fully open. 

In the step shown in FIG. 28A, data is inputted into the 
input device 5 shown in FIG. 1. This data includes the pump type 
data including the port diameter ( <f> ) and the number of stages 
(STG); the motor data including rated output (P 0 ) and rated 

25 rotational speed (N); and measured data including the head (H) 
and the power consumption (Pi) during current operations, and 
the head (H v ) and the power consumption (Piv) during operations 
when the valve is fully open. 
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Next, the main controller 1 shown in FIG. 1 performs the 
-following five steps to create the provisional pump 
characteristics shown in FIG. 28B. In step 1, the specific speed 
(N s ) is identified by the pump port diameter (0) and the number 
5 of stages { STG) , the rated output (P 0 ) of the motor and the rated 
rotational speed (N) of the motor. In step 2, the flow rate at 
the best efficiency point (Q BEP ) is identified by the pump port 
diameter ( 0 ) and the number of stages (STG) , the rated rotational 
speed (N) of the motor, and the specific speed (N s ). In step 

10 3, the pump efficiency (?? P ) is identified by the pump port 
diameter (0) and the number of stages (STG) and the specific 
speed (N g ) . In step 4, the head at the best efficiency point 
(H BEP ) is calculated according to the expression H BEP = rj 
P *P 0 /0.163*y* Q BEP • In step 5, provisional pump characteristics 

15 as shown by the dotted lines in FIG. 28B are created based on 
the identified specific speed and representative point [(Q BEP , 
H BEP ) and (Q BEP , P 0 )l* Here, the provisional pump characteristics 
are created using the dimensionless characteristics of the pump 
shown in FIG. 24, as described in the embodiment shown in FIGS. 

20 26A through 26D. Data for steps 1-3 is prepared in a database. 

Next, the flow rate identification shown in FIG. 2 8C is 
performed according to the following two steps . In step 1 , the 
motor efficiency ( 7? M ) is identified by the rated output (P 0 ) of 
the motor. In this case, the data is stored in a database in 

25 order that the motor efficiency (?? M ) can be identified by 
inputting the rated output (P 0 ) of the motor. In step 2, the 
current flow rate (Q) is calculated according to the expression 
Q = Vm ' V? ' Pi/0 . 163 * y * H . Since the current flow rate (Q) and the 
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motor efficiency (?? M ) are identified in steps 1 and 2 and the 
-current head (H) is known, the identified operating point can 
be illustrated in a graph of flow rate-head shown in FIG. 2 8C. 
Further, the identified operating point can be illustrated in 
5 a graph of flow rate-shaft power by calculating Pi*?7 M . 

Next, the following five steps are performed to identify 
pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 28D. The dotted line in FIG. 
28D denotes the provisional pump characteristics, while the 

10 solid line indicates the corrected pump characteristics. In 
step 1, the provisional head characteristics are corrected by 
the ratio H A /H B . In step 2, the provisional shaft power 
characteristics are corrected by the ratio P A /P B . Here, H A and 
P A are the head and the shaft power at the operating point 

15 specified in FIG. 28C. H B and P B are the head and the shaft power 
on the provisional pump characteristic curve at the current flow 
rate (Q). In step 3, the flow rate (Q v ) during operations when 
the valve is fully open is identified from the head (H v ) during 
operations when the valve is fully open. In step 4, the shaft 

20 power (Piv ?? M ) during Q v is identified. In step 5, the shaft 
power curve is corrected to approximate a curve through points 
(Q, Pi*7? M ) and {Q v , Piv*7? M ). 

Next, the stages of estimating provisional pump 
characteristics, identifying the operating point (flow rate), 

25 and correcting the provisional characteristics are described 
with reference to FIGS. 29A through 29D. Here, the provisional 
characteristics are corrected using flow rate calculated from 
the head and the power consumption during current operations and 
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estimated values of the efficiency of the fluid machinery and 
-the efficiency of the motor, and the head and the power 
consumption during both shutof f operations and operations when 
the valve is fully open. 
5 In the step shown in FIG. 2 9A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 
data including the port diameter ( <$> ) and the number of stages 
(STG); the motor data including rated output (P 0 ) and rated 
rotational speed (N) ; and measured data including the head (H) 

10 and the power consumption (Pi) during current operations, the 
head (H s ) and the power consumption (Pis) during shutof f 
operations, and the head (H v ) and the power consumption (Piv) 
during operations when the valve is fully open. 

Next, the main controller 1 shown in FIG. 1 performs the 

15 following three steps to create the provisional pump 
characteristics shown in FIG. 29B. In step 1, the specific speed 
(N s ) is identified by the pump port diameter (0) and the number 
of stages (STG) , the rated output (P 0 ) of the motor and the rated 
rotational speed (N) of the motor. In step 2, the flow rate at 

20 the best efficiency point (Q BEP ) is identified by the pump port 
diameter ( 0 ) and the number of stages (STG) , the rated rotational 
speed (N) of the motor, and the specific speed (N s ). In step 
3, provisional pump characteristics as shown in FIG. 29B are 
created by setting Q BEF as the representative point in the X 

25 direction and the head (H s ) and the power consumption (Pis) during 
shutof f operations as the representative point in the Y direction. 
Here, the provisional pump characteristics are created using the 
dimensionless characteristics of the pump shown in FIG. 24, as 
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described in the embodiment shown in FIGS, 26A through 2 6D. Data 
-for steps 1 and 2 is prepared in a database. 

Next, the flow rate identification shown in FIG, 2 9C is 
performed according to the following two steps . In step 1 , the 
5 motor efficiency (?? M ) is identified by the rated output (P 0 ) of 
the motor. In this case, the data is stored in a database in 
order that the motor efficiency (?? M ) can be identified by 
inputting the rated output (P 0 ) of the motor. In step 2, the 
current flow rate (Q) is calculated according to the expression 

10 Q = ?? M *??p*Pi/0.163*Y*H. Since the current flow rate (Q) and the 
motor efficiency (t? m ) are identified in steps 1 and 2 and the 
current head (H) is known, the identified operating point can 
be illustrated in a graph of flow rate-head shown in FIG. 29C. 
Further, the identified operating point can be illustrated in 

15 a graph of flow rate-shaft power by calculating Pi-77 M . 

Next, the following two steps are performed to identify 
pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 29D. The dotted line in FIG. 
29D denotes the provisional pump characteristics, while the 

20 solid line indicates the corrected pump characteristics. In 
step 1, the provisional flow characteristics are corrected by 
the ratio Q/Q B . In step 2, the shaft power curve is corrected 
to approximate a curve through points (0, Pis-7? M ), (Q, Pi- 7/ 
m ) f and (Q v , Piv ?? M ) . 

25 Next, the stages of estimating provisional pump 

characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described 
with reference to FIGS. 3 OA through 3 0D. Here, the operating 



48 



point (flow rate) is identified from the provisional 
♦characteristics and the head during current operations, while 
the provisional characteristics are corrected according to the 
current power consumption. 
5 in the step shown in FIG, 30A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 
data including the port diameter {</>), the number of stages (STG) , 
a first element (Ql, HI), and a second element (Q2, H2); the motor 
data including rated output (P 0 ) and rated rotational speed (N) ; 

10 and measured data including the head (H) and the power 
consumption (Pi) during current operations. 

Next, the main controller 1 shown in FIG. 1 performs the 
following five steps to create the provisional pump 
characteristics shown in FIG. 30B. In step 1, the specific speed 

15 (N s ) is identified by the pump port diameter ( 0) and the number 
of stages (STG) , the rated output (P 0 ) of the motor and the rated 
rotational speed (N) of the motor. In step 2, the shutoff head 
(H s ') is assumed based on the equation H s ' = (HI + 2 x H2)/3. 
In step 3 , a head curve is created so as to pass through the points 

20 (0, H s ') and (Q2, H2 ) , as indicated by the dotted line, and a 
shaft power curve is created so as to pass through the point (0^, 
P 0 ) f as indicated by the dotted line, based on the identified 
specific speed (N s ) . Here, the provisional pump characteristics 
are created using the dimensionless characteristics of the pump 

25 shown in FIG. 24. In step 4, the point (Q2, H2 ) is set as the 
point of origin, and the head curve indicated by a solid line 
is created by correcting the head at a ratio AH/ (Hi - H2 ) . In 
step 5, the shaft power curve indicated by the two-dot chain line 
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is created by applying the corrected value for the head curve 
-having its origin at (0, 0) to the shaft power curve. Data for 
step 1 is prepared in a database. 

Next, the flow rate identification shown in FIG. 3 0C is 
5 performed according to the following two steps . In step 1 , the 
motor efficiency (v H ) is identified by the rated output (P 0 ) of 
the motor. In step 2, the current operating flow rate (Q) is 
identified by the head (H) during current operations. In 
addition, the current shaft power (Pi*?7 M ) is identified by 

10 calculating Pi-7? M . Data for step 1 is prepared in a database. 

Next, the following step is performed to identify pump 
characteristics by correcting provisional pump characteristics , 
as shown in FIG. 30D. In this step, the shaft power curve 
indicated by a solid line is created by correcting the shaft power 

15 curve at the ratio (Pi*77 M )/p A . 

Next, the stages of estimating provisional pump 
characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described 
with reference to FIGS . 31A through 3 ID. Here, the operating 

20 point (flow rate) is identified from the provisional 
characteristics and the head during current operations, while 
the provisional characteristics are corrected according to the 
current power consumption and the head and the power consumption 
when the valve is fully open. 

25 in the step shown in FIG. 31A, data is inputted into the 

input device 5 shown in FIG. 1. This data includes the pump type 
data including the port diameter ( 0 ) , the number of stages (STG) , 
a first element (Ql, HI), and a second element (Q2, H2); the motor 
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data including rated output (P 0 ) and rated rotational speed (N) ; 
-and measured data including the head (H) and power consumption 
(Pi) during current operations, and the head (H v ) and the power 
consumption (Piv) during operations when the valve is fully open. 
5 Next, the main controller 1 shown in FIG, 1 performs the 

following five steps to create the provisional pump 
characteristics shown in FIG. 31B. In step 1, the specific speed 
(N s ) is identified by the pump port diameter ( 0) and the number 
of stages (STG) , the rated output (P 0 ) of the motor and the rated 

10 rotational speed (N) of the motor. In step 2, the shutoff head 
(H s ') is assumed based on the equation H s ' = (Hi + 2 x H2 ) /3 . 
In step 3 , a head curve is created so as to pass through the points 
(0, h s ' ) and (Q 2 , H 2 ) , as indicated by the dotted line, and a shaft 
power curve is created so as to pass through the point (CW, P 0 ), 

15 as indicated by the dotted line, based on the identified specific 
speed (N s ) . Here, the provisional pump characteristics are 
created using the dimensionless characteristics of the pump 
shown in FIG. 24. In step 4, the point (Q2, H2 ) is set as the 
point of origin, and the head curve indicated by a solid line 

20 is created by correcting the head at a ratio AH/(Hl - H2 ) . In 
step 5, the shaft power curve indicated by the two-dot chain line 
is created by applying the corrected value for the head curve 
having its origin at (0, 0) to the shaft power curve. Data for 
step 1 is prepared in a database. 

25 Next, the flow rate identification shown in FIG. 31C is 

performed according to the following two steps . In step 1 , the 
motor efficiency ( 7? M ) is identified by the rated output (P 0 ) of 
the motor. In step 2, the current operating flow rate (Q) is 
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identified by the head (H) during current operations. In 
.addition, the current shaft power (Pi* ?? M ) is identified by 
calculating Pi*?? M . Data for step 1 is prepared in a database. 
Next, the following three steps are performed to identify 
5 pump characteristics by correcting provisional pump 
characteristics, as shown in FIG- 3 ID. In step 1, the shaft power 
curve is corrected by the ratio (Pi*?? M )/P A . In step 2, the flow 
rate (Q v ) when the valve is fully open is identified by H v/ and 
the shaft power (Piv v M ) when the valve is fully open is 
10 identified. In step 3, the shaft power curve is approximated 
to a curve passing through the points (Q, Pi*?7 M ) and (Q v , Piv 

As described above, one of the methods shown in FIGS. 2 6A 
through 3 ID is used to estimate provisional pump characteristics , 

15 identify the operating point (flow rate), and correct the 
provisional characteristics in order to identify the pump 
characteristics. Accordingly, the characteristic curves shown 
in FIG. 6 can be identified even when pump experimental data 
cannot be obtained. Therefore, the diagnostic system of the 

20 present invention can function at a relatively high precision. 

The diagnostic system shown in FIGS. 1 through 3 ID performs 
a diagnosis by measuring power consumption and the like at the 
work site while the pump is performing actual operations . Hence, 
although the diagnostic precision may be high, gathering data 

25 is time-consuming. 

Specifically, the diagnostic system shown in FIGS. 1 
through 3 ID requires a so-called main diagnosis in which the 
system is tested at the work site while the pump is in actual 
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operations. Therefore, the inventors of the present invention 
-have studied a method for learning the return of investment or 
cost-effectiveness when introducing an inverter, wherein a 
simple theoretical diagnosis is conducted prior to performing 
5 the main diagnosis at the work site. Here, the return of 
investment or cost-effectiveness is defined as the effect of 
reducing power consumption by introducing an inverter in 
relation to the cost of introducing the inverter. By performing 
this simple pre-diagnosis , it is possible to occasionally omit 

10 the main diagnosis and reduce the cost of the diagnoses. 

Next, an energy-saving pre-diagnostic system for saving 
energy in fluid machinery according to a first embodiment of the 
present invention will be described with reference to the 
drawings. The mechanical construction of the energy-saving 

15 pre-diagnostic system for fluid machinery according to the 
present embodiment is similar to the construction shown in FIG. 
1. In the present embodiment, the fluid machinery will be 
described using the example of a pump. 

As shown in FIG. 1, the energy-saving pre-diagnostic 

20 system for fluid machinery comprises a main controller 1 for 
controlling the overall system, and a main storage unit 2 
connected to the main controller 1. The main controller 1 
includes a control unit 3 and an arithmetic unit 4. The main 
controller 1 is also connected to an input device 5 including 

25 a keyboard, mouse, or the like and an output device 6 including 
a printer, display, or the like. 

The main controller 1 has an internal memory (not shown) 
for storing control programs such as an operating system, a 
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program prescribing the diagnostic procedure for the fluid 
-machinery, and required data. The main storage unit 2 includes 
a hard disk, floppy disk, optical disk, or the like and stores 
data for various models of pumps currently appearing on the 
5 market. However, the pump data can also be inputted each time 
into the input device 5 . 

FIG. 3 2 is a view showing the flow rate-head 
characteristics and the flow rate-power consumption 
characteristics of the pump. In FIG. 32, the horizontal axis 

10 represents flow rate (1/min) , while the vertical axis represents 
total head (m) or the power consumption (kW). 

The flow rate-head and flow rate-power consumption data 
for motor pumps driven by a commercial AC power supply is prepared 
in advance in the form of a general test report or a representative 

15 characteristic curve. By inputting approximately 5 points from 
the results (five points shown by dots in FIG. 32) , it is possible 
to draw the curves a B and y 8 shown in FIG. 32 using an appropriate 
function. 

The filled-in area of roughly triangular shape shown in 
20 the diagram indicates the design specifications of the equipment 
side. Since it is known that the energy loss in piping is 
proportional to the square of the flow rate, it is possible to 
draw a system head curve /3 through the design specifications 
of the equipment by inputting the actual head (that is, the 
25 resistance in the pipeline at zero flow rate). 

If the actual head is not known, the value, for example, 
50% of the head in the design specifications can be estimated. 
The present invention comprises a calculating means for 
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calculating the reduced amount of power consumption when using 
-a frequency converter to decrease the rotational speed of the 
fluid machinery. Next, the function of the calculating means 
is described with reference to FIG. 33. 

The curve a 8 of FIG. 33 includes a plurality of points which 
are not shown. The coordinates of these points are defined by 
flow rate and head, as in (q lf h x ) , (q 2 , h 2 ), .... 

The calculating means establishes a rotational speed ratio 
for these points. If the rotational speed ratio is 0.95, for 
example, then q 1 is shifted to q x x 0.95 and h x is shifted to h x 
x 0 .95 2 . This generates the points (0.95q lf 0.95X)/ (0.95q 2 , 

0.95 2 h 2 ), The curve a 7 is the line connecting these points. 

This process is repeated for rotational speed ratios of 0 . 8 , 0.85, 
0.80, ... to form curves a 6 -a 1 . 

The curve (3 is the system head curve on the facility side 
(piping side) calculated by the above-described method. The 
point denoted by ( 8 ) in the drawing is the actual operating point, 
while points (7)-(l) are the operating points obtained by 
calculations with varied rotational speeds. However, the true 
operating point often has a larger flow rate than necessary, in 
order to allow some margin in the estimations of design 
specifications for piping loss. 

The curve r 8 includes a plurality of points which are not 
shown. The coordinates of these points are defined by flow rate 

and power consumption, as in (q lf Wl ), (q 2 , w 2 ), 

The calculating means establishes a rotational speed ratio 
for these points as described above. If the rotational speed 
ratio is 0.95, for example, then q x is shifted to q x x 0.95 and 



w x is shifted to w x x 0.95 3 . 

This example assumes that the pump efficiency and the motor 
efficiency do not change, even when the rotational speed changes . 
Nor does the example consider heat loss due to frequency 
conversion when using an inverter. The power consumption can 
be more accurately calculated by considering these factors. 

As described above, this process generates the points 

(0.95q ir 0 .95 3 Wl ), (0.95q 2 , 0. 95 3 w 2 ), The curve 7 7 is the 

line connecting these points. This process is repeated for 
rotational speed ratios of 0.90, 0.85, 0.80, ... to form curves 

r 6 -r,. 

The power consumption corresponding to the operating 
points of (8)-(l) is indicated by points on the curves J s -J 

1 * 

FIG. 34 shows an example of actual output (printout) from 
the output device 6 for the characteristics described in FIG. 
33. That is, FIG. 34 is a view showing a diagnostic result 10 
outputted by the output device 6. The two graphs in FIG. 34 show 
the flow rate-head characteristic curves and the flow rate-power 
consumption characteristic curves found in FIG. 33. A table at 
the bottom of FIG. 34 is represented by the letter A. This 
portion A is enlarged and shown in FIG. 35. This portion A of 
FIG. 34 is a table showing calculated values of power consumption 
reductions. The items in the first column of FIG. 35 indicate 
the flow rate during actual operations for fluid machinery driven 
by a commercial power source; cases when using an inverter to 
meet the design flow rate; and cases when using an inverter to 
reduce the flow rate below the design flow rate. 



Items in the top row of the table include the rotational 
-speed ratio (1.0 when driven by a commercial power source ) , power 
consumption, the amount of power consumption (calculated from 
the work time inputted separately from power consumption), C0 2 
5 emissions (calculated using a coefficient indicated in the 
diagram for the amount of power consumption) , reduction of power 
consumption, reduced power costs (calculated using the unit 
price 13 yen/kWh), and reduction ratio (electric 
energy • C0 2 • electric power cost). 
1° m this example, an energy savings of 18% can be achieved 

simply by matching the flow rate to the design value, amounting 
to a reduction in energy costs of 286,000 yen/year. If the design 
flow rate itself has been estimated with some margin, it may be 
possible to reduce the flow rate by 10%, for example, thereby 
15 achieving an energy savings of 40%, and amounting to a reduction 
in energy costs of 639,600 yen/year. In this manner, it is 
possible to estimate the length of time required to recover an 
investment for installing an inverter. 

The calculating means for calculating how much power 
20 consumption can be reduced when using a frequency converter to 
decrease the rotational speed of the fluid machinery and the 
processing means for displaying the calculated results, as 
described above, are implemented as programs for operating a 
computer and stored on a storage medium. This storage medium 
25 can be incorporated into a personal computer or the like. 

FIG. 36 is a schematic view showing an example of an 
energy-saving pre-diagnostic system for fluid machinery 
implemented by a personal computer. This system includes a 
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personal computer PC comprising a main controller 1 (having a 
-control unit 3 and an arithmetic unit 4 ) , a main storage unit 
2 , an input device 5 , and an LCD forming part of an output device 
6, all of which are shown in FIG. 1; a floppy disk (FD) or CD-ROM 
serving as the storage medium for storing the above programs; 
and a printer PR forming another part of the output device 6. 

As described above, the present invention can find in 
advance the amount of wasteful energy consumption in the fluid 
machinery and its peripheral devices, with the system of the 
present invention, it is easy to calculate the amount of energy 
savings possible using an inverter or the like to adjust the 
rotational speed, without performing actual operations with the 
fluid machinery at the work site. Accordingly, the return of 
investment or cost-effectiveness of introducing an inverter or 
the like can be found, and this can help popularize energy 
conserving equipment on the market. 

Next, a method and material for displaying characteristics 
of the fluid machinery according to an embodiment of the present 
invention will be described with reference to drawings. 

FIG. 37 shows an example of applying the present invention 
to a motor-driven centrifugal pump. Here, the motor is a 3- 
phase induction motor. The outer rectangle 10 describes the 
periphery of a flat surface 11 comprising a display material, 
such as space in a catalog. Curves 12 showing the Q-H 
characteristics, and data 14, 15, and the like relating to power 
consumption are recorded on the surface 11. 

The curves (Q-H characteristic curves) 12 indicate the Q-H 
characteristics plotted according to the discharge amount 
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represented by the horizontal axis and the total head represented 
-by the vertical axis . One curve 12 is recorded for each frequency 
supplied to the motor. There are nine frequencies in this 
example. An operating frequency 13 for the pump motor is 
5 numerically recorded adjacent to each curve 12. These curves 
12 can either all be the measured data or can be the calculated 
values based on the function (1) provided below. 

q cc n 

H oc n 2 
10 N cc f 

W oc n 3 (1) 

Here, Q is the discharge amount, H the total head, N the 
rotational speed, F the frequency, and W the power consumption. 
An approximate power consumption 14 and an approximate 

15 annual energy charge 15 are numerically recorded adjacent to the 
curves 12 as data related to power consumption. The power 
consumption (energy charge) varies according to the operating 
point, that is, the discharge flow rate, even at the same 
frequency. In this example, however, the power consumption at 

20 the discharge flow rate in maximum load (within the range of pump 
selections when driven by a commercial power supply) is set as 
the representative point and recorded adjacent to the Q-H 
characteristic curves 12. 

Specifically, an approximate power consumption 14a and an 

25 approximate annual energy charge 15a are recorded adjacent to 
the curves 12 for a frequency of 50 Hz when a commercial power 
source of a frequency of 5 0 Hz supplies power directly to the 
motor. An approximate power consumption 14b including heat loss 
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from the inverter and an approximate annual energy charge 15b 
.are recorded adjacent to the curves 12 for all other frequencies 
when using an inverter. The approximate power consumption 14b 
and the approximate annual energy charge 15b show the reduction 
5 in power consumption from the value at 50 Hz. 

For example, the approximate power consumption for 
discharge flow rate at the maximum load point is 10.50 kW when 
performing operations with a commercial 50-Hz power source. 
Based on this value, the approximate annual energy charge 

10 calculated for an operating time of 8400 h/year at an energy 
charge of 13 yen/kWh is 1,150,000 yen. When using an inverter, 
on the other hand, the approximate power consumption when 
performing operations at a frequency of 45 Hz is reduced by 2.4 6 
kW from that at a frequency of 50 Hz, resulting in a reduction 

15 of 269,000 yen in the approximate annual energy charge. 

The price 16 of the inverter is also displayed on the 
surface (display material) 11, and in this example, the price 
16 of the inverter is 498,000 yen. Thus, as described above, 
it is found that in case of operating the pump at a frequency 

20 of 45 Hz in place of the commercial 50-Hz power source, the 
investment (or cost) of the inverter can be recovered by 1.85 
year (489,000/269,000). 

Here, it is necessary to consider that the operating time 
and energy charge (cost/kwh) vary according to the work site and 

25 region and that an investment is required for installing the 
inverter. However, calculating the return of investment or 
cost-effectiveness is remarkably easier with the present 
invention than with the conventional method of displaying pump 
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characteristics . 

A selection range 17 for pumps driven by the commercial 
power is the area enclosed by a dotted line on the surface (display 
material) 11. The selection range 17 facilitates studying the 
5 feasibility of replacing the current pump with a pump having one 
class smaller capacity. The same display described above can 
be achieved on a flat display surface, such as a space in a catalog 
for one class smaller capacity pump. Although not shown in the 
diagram, displaying the cost of the pumps on the surface 11 would 

10 facilitate comparing the return of investment or cost- 
effectiveness of replacing the current pump with one class 
smaller capacity pump to that of adding an inverter. 

Further, calculating conditions 18 for data regarding 
power consumption are included on the surface 11. in this 

15 example, the calculating conditions 18 include an operating time 
of 8400 h/year and an energy charge of 13 yen/kWh. This data 
allows the user to perform simple multiplication and division 
calculations in case of different operating times and the like. 
Next, an example of calculating a simple return of 

20 investment or cost-effectiveness of introducing an inverter will 
be described with reference to FIGS. 37 and 38. FIG. 3 8 shows 
an example of a pump requirement 19 only needed in emergency 
situations and an example of a normal operation pump requirement 
20 indicated by a double circle and a single circle, respectively, 

25 on the surface 11 of FIG. 37. In this example, one class smaller 
capacity pump is sufficient when considering most operating 
conditions (requirements), but a pump is selected with 
consideration for requirements in emergency situations. 
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As an example, it is assumed that the operating time for 
.normal operation requirements is 6000 h/year, with an energy 
charge of 20 yen/kWh. In this case, the operating frequency can 
be set to 40 Hz, and hence as shown in FIGS. 37 and 38, the power 
5 consumption of 4.86 kW can be reduced compared to that when an 
inverter is not used* Accordingly, the annual energy charge can 
be calculated by 4.86 kW * 6000 h/year x 20 yen/kWh, which equals 
a reduction of 583,200 yen. 

Since the cost of an inverter is 4 98,000 yen, with 

10 consideration for the cost of installing the inverter, the 
investment can be recovered in approximately one year. In this 
manner, the present invention enables the user to find the return 
of investment or cost-effectiveness for introducing an inverter 
in an extremely short time. 

15 Next, a method and material for displaying characteristics 

of the fluid machinery according to a second embodiment of the 
present invention will be described with reference to FIG. 39. 
The display according to the second embodiment includes more 
detailed data on power consumption. In addition to entering the 

20 approximate annual energy charge 15 adjacent to the curves 12, 
the surface 11 also includes a separate graph with a plurality 
of power consumption curves 21 showing the relationship between 
power consumption and discharge flow rate for each frequency 
supplied to the motor, and a reduction ratio (%) 22 and the 

25 approximate power consumption 14 described in the first 
embodiment adjacent to the power consumption curves 21. 

By reading the power consumption curves 21 using the 
display method and material according to the present embodiment, 
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it is possible to calculate with great accuracy the return of 
.investment or cost-effectiveness and the absolute value of 
energy savings when incorporating an inverter. 

Next, a method and material for displaying characteristics 
5 of the fluid machinery according to a third embodiment of the 
present invention will be described with reference to FIG. 40. 
In this embodiment, the curves 12 and a plurality of equivalent 
power consumption curves 23 for each power consumption 
approximately determined by the rotational speed ( frequency) and 
10 discharge flow rate are displayed on the same coordinate system. 
The equivalent power consumption curves 23 are depicted by dotted 
lines. Further, an annual energy charge 24 is displayed 
numerically adjacent to the equivalent power consumption curves 
23 . 

15 The display method and material according to the present 

embodiment has the effect of combining the graphs in FIGS. 37 
and 39. 

Next, a calculating and graphing system for obtaining the 
display material or power consumption line graphs shown in FIGS. 

20 37 through 40 will be described. The displayed results are 
obtained by inputting the flow rate-pressure characteristics and 
flow rate-power consumption data for fluid machinery having a 
motor driven by a commercial AC power. 

The hardware configuration for the calculating and 

25 graphing system is the same as that shown in FIG. 1. The 
calculating and graphing system comprises a main controller 1 
for controlling the overall system, and a main storage unit 2 
connected to the main controller 1 . The main controller 1 
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includes a control unit 3 and an arithmetic unit 4. The main 
.controller 1 is also connected to an input device 5 including 
a keyboard, mouse, or the like and an output device 6 including 
a printer, display, or the like. In FIG. 1, the bold arrows show 
5 the flow of data and programs , while the thin arrows indicate 
the flow of control signals. 

The main controller 1 has an internal memory (not shown) 
for storing control programs such as an operating system, a 
program prescribing the diagnostic procedure for the fluid 
10 machinery, and required data. These programs implement a 
calculating process and a graphing process for creating the 
display material. The main storage unit 2 includes a hard disk, 
floppy disk, optical disk, or the like. 

FIG. 41 is a flow chart showing an outline of the process 
15 flow performed in the calculating and graphing system of FIG. 
1. 

In step 1, data regarding the flow rate-head 
characteristics and the flow rate-power consumption 
characteristics for the rotational speed of fluid machinery 

20 having a motor driven by a commercial AC power is inputted into 
the input device 5 . This data may be prepared and stored in the 
main storage unit 2. 

In step 2, calculations are performed to find the flow 
rate-head characteristics and the flow rate-power consumption 

25 characteristics for a plurality of rotational speeds different 
from the rotational speed inputted in step 1. The calculation 
is performed according to the expression (1) described above. 
In this case, it is also possible to input measured data for 
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various rotational speeds in place of performing the 
-calculation. 

In step 3, data regarding the operating time of the fluid 
machinery and the energy charge per unit of power consumption 
5 is inputted into the input device 5. 

In step 4, a plurality of flow rate-head characteristic 
curves for various rotational speeds are displayed on the output 
device 6, along with data related to power consumption. As 
described above, the output device 6 comprises a printer, or a 

10 display such as LCD . The power consumption related data includes 
the various data shown in FIGS. 37 through 40. 

The calculating and graphing system implemented by a 
personal computer has the same structure as that shown in FIG. 
36. This system includes a personal computer PC comprising a 

15 main controller 1 (having a control unit 3 and an arithmetic unit 
4) , a main storage unit 2, an input device 5, and an LCD forming 
part of the output device 6, all of which are shown in FIG. 1; 
a floppy disk FD or CD-ROM serving as the storage medium for 
storing the above programs; and a printer PR forming another part 

20 of the output device 6. 

In the example of the present embodiment, the surface for 
displaying the characteristics of the fluid machinery is 
described as a flat surface. However, a curved surface is also 
possible, providing the surface is continuous. Further, this 

25 display surface is not limited to the surface of a paper such 
as part of a catalog, but may also be a liquid crystal display 
or the like* 

With the present invention described above, the user can 
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easily find expected energy savings and the time required to 
-recover an initial investment by recording fluid machinery 
characteristic curves on a pump or inverter catalog or the like, 
without performing complex calculations- Accordingly, the 
5 present invention has the effect of creating a demand for 
inverters used in fluid machinery, and the inverter-mounted 
pumps which are recently being common, thereby helping 
popularize energy conserving equipment on the market. 

10 Industrial Applicability 

The present invention relates to a system for finding 
wasteful energy consumption in a fluid machinery and can be 
applied to equipment using cooling-water circulating pumps, feed 
water pumps, and the like. 
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CLAIMS 



1. A diagnostic system for fluid machinery comprising: 
first identifying means for inputting prescribed data on 

5 the fluid machinery to be diagnosed and identifying the 
characteristics of the fluid machinery represented by flow 
rate-head characteristics; 

second identifying means for identifying the operating 
flow rate or operating pressure of the fluid machinery according 

10 to the relationship between the identified characteristics of 
the fluid machinery and a measured operating pressure or 
operating flow rate of the fluid machinery by operating the fluid 
machinery to be diagnosed and inputting the measured results of 
the operating pressure (head), operating flow rate, power 

15 consumption, or operating electric current of the fluid 
machinery in operation; and 

processing means for computing variations in the operating 
flow rate, operating pressure, or power consumption while the 
rotational speed of the fluid machinery to be diagnosed is varied, 

20 and for displaying the computed results, 

2. A diagnostic system for fluid machinery as claimed in 
claim 1, wherein said first identifying means functions by 
inputting one or more of the following data (1-11 ) regarding the 

25 fluid machinery: 

1. Diameter (or numerical order) of suction port 

2. Diameter (or numerical order) of discharge port 

3. Rated output of motor driving the fluid machinery 
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4. Number of poles of motor driving the fluid machinery 

5 . Operating frequency of motor driving the fluid 
machinery 

6. Rating plate specifications (flow rate-head) of the 
5 fluid machinery 

7. Model name of the fluid machinery 

8. Manufacturer's name of the fluid machinery 

9 • Number of impeller stages of the fluid machinery 
10. Outer diameter of impeller of the fluid machinery 
10 11. Test data regarding the flow rate-head and flow 

rate-power consumption of the fluid machinery. 

3 . A diagnostic system for fluid machinery as claimed in 
claim 1, wherein said characteristics of the fluid machinery 

15 identified by said first identifying means are refined by 
inputting the power consumption at the actual operating point. 

4 . A diagnostic system for fluid machinery as claimed in 
claim 3, wherein said characteristics of the fluid machinery 

20 identified by said first identifying means are refined by 
inputting the operating pressure and/or power consumption at the 
shutoff operating point separate from the actual operating 
point. 

25 5. A diagnostic system for fluid machinery as claimed in 

claim 1, wherein said computed results obtained by said 
processing means are refined by inputting values of actual head. 
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6. A diagnostic system for fluid machinery capable of 
-finding with high accuracy wasteful energy consumption in the 
fluid machinery and its peripheral devices , comprising: 

a controller having a frequency converter as a primary 
5 component for reducing the estimated wasteful energy consumption , 
said controller being used in combination with said diagnostic 
system as claimed in any one of claims 1 to 5. 

7. A diagnostic system for fluid machinery as claimed in 
10 claim 6, wherein the rotational speed of the fluid machinery is 

varied by changing the frequency generated by said frequency 
converter with said controller, and the actual head or head loss 
caused by piping is found by comparing the operating pressure 
for each rotational speed when the valve is open to that when 
15 the valve is closed. 

8 . A recording medium capable of being read by a computer 
for storing programs to enable the computer to implement the 
functions of: 

20 identifying the characteristics of the fluid machinery 

represented by flow rate-head characteristics by inputting 
prescribed data on the fluid machinery to be diagnosed; 

identifying the operating flow rate or operating pressure 
of the fluid machinery according to the relationship between the 

25 identified characteristics and a measured operating pressure or 
operating flow rate of the fluid machinery by operating the fluid 
machinery to be diagnosed and inputting the measured results of 
the operating pressure (head), operating flow rate, power 
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consumption, or operating electric current of the fluid 
-machinery in operation; and 

computing variations in the operating flow rate, operating 
pressure, or power consumption when the rotational speed of the 
5 fluid machinery to be diagnosed is varied, and displaying the 
computed results . 



9. A diagnostic system for fluid machinery comprising: 
first identifying means for identifying the 
10 characteristics of the fluid machinery represented by flow 

rate-head characteristics of the fluid machinery to be 

diagnosed; 

second identifying means for identifying the actual 
operating point of the fluid machinery to be diagnosed; and 
15 processing means for computing variations in the operating 

point when the rotational speed of the fluid machinery to be 
diagnosed is varied, and for displaying the computed results. 



10. A method for diagnosing fluid machinery comprising: 
20 identifying the characteristics of the fluid machinery 

represented by the flow rate-head characteristics of the fluid 
machinery to be diagnosed; 

identifying the actual operating point of the fluid 
machinery to be diagnosed; 
25 computing variations in the operating point when the 

rotational speed of the fluid machinery to be diagnosed is 
varied; and 

displaying the computed results . 
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11. A method for identifying characteristics of fluid 
machinery comprising: 

calculating the head and shaft power for flow rates by 
5 determining representative points for characteristics of fluid 
machinery including a representative head and representative 
shaft power and by determining the ratios of head and shaft power 
other than the representative flow rate to the representative 
head and representative shaft power based on the port diameter 
10 of the fluid machinery, the number of impeller stages , and the 
rated output and rated rotational speed of the motor used to drive 
the fluid machinery; 

estimating provisional characteristics of the fluid 
machinery based on the calculated head and shaft power; and 
15 identifying characteristics of the fluid machinery and the 

operating point including the operating flow rate by correcting 
said provisional characteristics of the fluid machinery based 
on measurement data including at least the head and power 
consumption during current operations, 

20 

12. A method for identifying characteristics of fluid 
machinery as claimed in claim 11 , wherein said representative 
points are set as the flow rate producing maximum efficiency in 
the fluid machinery, the head calculated using estimated values 

25 of efficiency for the fluid machinery, and the rated output of 
the motor. 

13. A method for identifying characteristics of fluid 
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machinery as claimed in claim 11, wherein said representative 
-points are set as the flow rate and head calculated using at least 
two points of standard specifications including the flow rate 
and head of the fluid machinery , and the rated output of the motor . 

5 

14. A method for identifying characteristics of fluid 
machinery as claimed in claim 12, wherein said provisional 
characteristics of the fluid machinery are corrected by the flow 
rate calculated using head and power consumption during current 
10 operations and the estimated values of efficiency for the fluid 
machinery and motor. 



15. A method for identifying characteristics of fluid 
machinery as claimed in claim 12, wherein said provisional 
characteristics of the fluid machinery are corrected by the flow 
rate calculated using head and power consumption during current 
operations and the estimated values of efficiency for the fluid 
machinery and motor, and the head and power consumption during 
shutoff operations* 

16. A method for identifying characteristics of fluid 
machinery as claimed in claim 12, wherein said provisional 
characteristics of the fluid machinery are corrected by the flow 
rate calculated using head and power consumption during current 
operations and the estimated values of efficiency for the fluid 
machinery and motor, and the head and power consumption during 
operations when the valve is fully open. 
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17. A method for identifying characteristics of fluid 
-machinery as claimed in claim 12 , wherein said provisional 
characteristics of the fluid machinery are corrected by the flow 
rate calculated using head and power consumption during current 
5 operations and the estimated values of efficiency for the fluid 
machinery and motor, and the head and power consumption during 
shutof f operations and during operations when the valve is fully 
open. 

1° 18. A method for identifying characteristics of fluid 

machinery as claimed in claim 13, wherein the operating point 
(flow rate) is identified by said provisional characteristics 
of the fluid machinery and the head during current operations, 
and said provisional characteristics are corrected by the 

15 current power consumption. 

19. A method for identifying characteristics of fluid 
machinery as claimed in claim 13, wherein the operating point 
(flow rate) is identified by said provisional characteristics 
20 of the fluid machinery and the head during current operations, 
and said provisional characteristics are corrected by the 
current power consumption and the power consumption when the 
valve is fully open. 

25 20 . An energy-saving pre-diagnostic system for fluid 

machinery , compr is ing : 

inputting means for inputting flow rate-pressure (head) 
and flow rate-power consumption data for fluid machinery having 
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a motor driven by a commercial AC power, and design 
.specifications (flow rate-pressure) in a facility side; 

inputting or estimating means for inputting or estimating 
resistance of piping (actual head) when the flow rate is zero; 
5 calculating means for calculating the reduction in power 

consumption achieved when reducing the rotational speed of the 
fluid machinery with a frequency converter; and 

processing means for displaying the calculated results. 

10 21 . A recording medium capable of being read by a computer 

for storing programs to enable the computer to implement the 
functions of: 

inputting flow rate-pressure (head) and flow rate-power 
consumption data for fluid machinery having a motor driven by 
15 a commercial AC power, and design specifications (flow rate- 
pressure) in a facility side; 

inputting or estimating resistance of piping (actual head) 
when the flow rate is zero; 

calculating the reduction in power consumption achieved 
20 when reducing the rotational speed of the fluid machinery with 
a frequency converter; and 

displaying the calculated results. 

22. A method for displaying the characteristics of fluid 
25 machinery , compr is ing : 

displaying the flow rate-pressure characteristics of the 
fluid machinery varied according to the rotational speed on the 
same surface using a plurality of curves; and 
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displaying data related to the power consumption on the 
_same surface. 

23. A method for displaying the characteristics of fluid 
5 machinery as claimed in claim 22, further comprising numerically 

displaying data related to the power consumption adjacent to each 
curve representing the fluid-pressure characteristics. 

24. A method for displaying the characteristics of fluid 
10 machinery as claimed in claim 22 or 23 , further comprising 

displaying on the same surface a reference selection range under 
a fixed rotational speed of the fluid machinery. 

25. A method for displaying the characteristics of fluid 
15 machinery as claimed in any one of claims 22 to 24, further 

comprising displaying on the same surface data related to the 
power consumption, including at least one of the energy charge 
or the amount of reduction in the energy charge. 

20 26. A method for displaying the characteristics of fluid 

machinery as claimed in any one of claims 22 to 25, further 
comprising displaying on the same surface at least one of the 
cost of the fluid machinery or the cost of the apparatus required 
to vary the rotational speed. 

25 

27. A method of displaying the characteristics of fluid 
machinery as claimed in any one of claims 22 to 26, further 
comprising displaying on the same surface conditions for 
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calculating data related to the power consumption. 

28. A display material for displaying the characteristics 
of the fluid machinery using the method as claimed in any one 

5 of claims 22 to 27. 

29. A fluid machinery or an apparatus for varying the 
rotational speed of the fluid machinery, comprising: 

displaying the flow rate-pressure characteristics of the 
10 fluid machinery varied according to the rotational speed on the 
same surface of a promotional material represented by a catalog r 
using a plurality of curves; and 

displaying data related to the power consumption on the 
same surface of said promotional material. 

15 

30. A line graph for the power consumption of fluid 
machinery comprising: 

a plurality of curves indicating the flow rate-pressure 
characteristics of fluid machinery in each of rotational speeds 
20 and displayed in a coordinate system; and 

a plurality of curves indicating the flow rate-pressure 
characteristics of the fluid machinery in each of values of power 
consumption and displayed in said coordinate system. 

25 31. A calculating and graphing system, comprising a 

computer for obtaining the display material of claim 2 8 or the 
line graph of claim 30 , by inputting data for the flow rate- 
pressure characteristics and flow rate-power consumption 
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characteristics of fluid machinery having a motor driven by a 
.commercial AC power. 

32. A recording medium capable of being read by a computer 
5 for storing programs to enable the computer to implement the 
calculating and graphing system as claimed in claim 31. 
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ABSTRACT 

The present invention relates to a diagnostic system for 
fluid machinery capable of detecting wasteful energy consumption 
5 in the fluid machinery. The diagnostic system comprises a first 
identifying means for identifying the characteristics of the 
fluid machinery represented by flow rate-head characteristics 
by inputting prescribed data on the fluid machinery to be 
diagnosed; a second identifying means for identifying the 

10 operating flow rate or operating pressure of the fluid machinery 
according to the relationship between the identified 
characteristics and a measured operating pressure or operating 
flow rate of the fluid machinery by operating the fluid machinery 
to be diagnosed and inputting the measured results of the 

15 operating pressure (head), operating flow rate, power 
consumption, or operating electric current of the fluid 
machinery in operation; and a processing means for computing 
variations in the operating flow rate, operating pressure, or 
power consumption when the rotational speed of the fluid 

20 machinery to be diagnosed is varied and for displaying the 
computed results. 
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data for identifying the characteristics 
of the fluid machinery which is to be 
diagnosed and is actually in 

operation is inputted 



data for identifying the operating point 
of the fluid machinery which is actually 
in operation is inputted 



C step l) 



( step 2) 



data for identifying resistance 
characteristics on the facility side 
is inputted 



( step 3) 



the transition of the operating point 
for the fluid jriachinery caused by a 
change in the rotational speed of the 
fluid machinery is calculated and 
displayed 



( step 4 ) 
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[ / ] energy-saving pre-diagnostic system for the pump No. A00Q2 



Use 


Circulation 


Pump name 


Cooling water circulating pump 


Installation site 


Outside 


Pump maker 




Design specifications 


1 800I/min x 28m x SOOOmin- 1 x 1 5kW 


Model name 


10Gx80FS2G515 


Operating time 


24h/day x 350day/year 


motor 


2P15kW (output) 



60 



^ : design specifications 
• : operating actual flow rate (in 50Hz operation) 
© : design flow rate operating point flow rate ratio 
o : operating point in 0.7 0.8 0.9 1.0 1.09 

reduction of 

flow rate 
actual head ratio 

1.0 



energy-saving calculations 
with varied flow rate ratios 
(including in reduction) 



design resistance 
in the piping 




0.92 L0 
°' 83 rotational spleed 
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<trial calculating conditions> 

• heat loss from the inverter 5% 

• motor efficiency identified 



i 

power consumption in 50Hz operation 

i.o| | 

rotational speed ratio 
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pump characteristics curve 
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price of the inverter 
(498,000 yen) 




15(15b) 



A shows the annual energy charge and the reduction 
in power consumption. 



1000 2000 
discharge flow rate (i/min) 



3000 



Calculating conditions 
of annual energy charge> 

1g • operating time 8400 h/year 

• energy charge 1 3 yen/kWh 



notes) frequency of 50Hz when using a 
commercial power source, other 
frequencies when using an inverter 
(including heat loss from the inverter) 
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pump characteristics curve 




▲ shows the annual energy charge and the reduction 
in power consumption. 



1000 2000 3000 

discharge flow rate (£/ m \ n ) 

Calculating conditions 
of annual energy charge> notes) frequency of 50Hz when using a 

1 8 ■ • operating time 8400 h/year commercial power source, other 

• energy charge 1 3 yen/kWh frequencies when using an inverter 

(including heat loss from the inverter) 
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15(15b) 

A shows the reduction of the annual energy charge. 



3404a) 
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shows the reduction in power consumption. 
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data regarding the flow rate-head 
characteristics and the flow rate-power 
consumption characteristics for the 
rotational speed of fluid machinery is 
inputted 



% 

calculations are performed to find the 
flow rate-head characteristics and the 
flow rate-power consumption 
characteristics for a plurality of rotational 
speeds different from the rotational 
speed inputted in step 1 (or measured 
data for various rotational speeds is 
inputted) 



data regarding the operating time of the 
fluid machinery and the energy charge 
(per unit of power consumption) is 
inputted 



step 3 



% 

a plurality of flow rate-head characteristic 
curves for various rotational speeds are 
displayed, along with data related to 
power consumption 
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application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



03/ 04/ 1998 



(Day/Month/Year Filed) 

10/06/1998 
(Day/Month/Year Filed) 



Priority Claimed 

m □ 

Yes No 

fit* iH^i 

m □ 

Yes No 



l hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 

(MIS) 



\fAfi. TMo^mmmm^mm^zm^^xrmo^mmm 
mmmm<D^mt^mm^mmsu2^mmxi±mmmtimmx 

wm&mwmi mm x&m § ftfc*mK«<o ^ mr & i 
* mm. c o ^ t na^assa * & § c ^ & isist l t v ^ ~? 0 



(Application No.) 



(Filing Date) 

(tfMB) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application®, or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) 



(Filing Date) 



(Application No.) 



(Filing Date) 
(H1JEH) 



Kn-cft 9. frx>&<DA^Ltzmmtm><Dm&&hzzi l zm'3 
< mm±xM^x isfcflwosct, £6 cat k * $ 

set, Z LXZ0 k o ^SSt; £ S*ft©^M*fTJarx.tf . 
ML/c> WtmzmnZ*iTzm^<bM% 1 &% % %LhtiZ> 

Page 



(Status: Patented, Pending, Abandoned) 

mm : nmm^sm. mmm 



(Status: Patented, Pending, Abandoned) 

mu : «Fffffprsf. sties) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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^mmmmsmm^ (a) - (d) six&365* cm ^ 

S#?F18*£JR7365 (a) acS-^< HRfflJK, X^^H"C©# 



i hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



Prior Foreign Application(s) 

10-279189 
(Number) 
(«#) 
10-310575 
(Number) 
(##) 



Japan 



(Country) 
<B«) 
Japan 



(Country) 

(H«) 



30/09/1998 



(Day/Month/Year Filed) 

30/10/1998 
(Day/Month/Year Filed) 



Priority Claimed 

m □ 

Yes No 

53 □ 
Yes No 



S3a«,«35»*Ha»119* (e) SKg^PTTE©#H#» 



I hereby claim the benefit under Title 35, United States Code, 
Section 11 9(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 

(fflJHB) 



(Application No.) 



(Filing Date) 



I hereby claim the benefit under Trtle 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Application No.) 
(ffi«#*l) 



(Filing Date) 



(Status: Patented, Pending, Abandoned) 



(Application No.) 



(Filing Date) 



m^x * o > fr-D%<DA^ l Otitis t nk<om & <s t c 6 c« 

3 

Page 2 



(Status: Patented, Pending, Abandoned) 
(MR : ftttlFRTSk ft*fflr) 
I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon, 
of 6 
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Japanese Language Declaration 

(0*MM) 



**»«FM*»IC»L-Ci«fT"r*#3H±ifctt«:fflAfc LT, 



POWER OF ATTORNEY: As a named inventor, ! hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact ail business in the Patent and Trademark 
Office connected therewith: (fist name and registration number) 



Norman F. Obion, Reg. No Marvin J. Spivak, Reg. No A ^24^§\ C. In/in McClelland, Reg. No,Z\J2A; Gregory J. Maler, Reg. No 25 i 59g; 

Arthur I. Neustadt, Reg. No. m 24JJ£4; Richard D. Kelly, Reg. No, i _2J7 J 757; James D - Hamilton, Reg. N o. 28 ^421; Eckhard H. Kuesters, Reg. No. 

28,870;, Robert T. Pous, Reg. Uo^2&&99] Charles L. Gholz, Reg. No.J^395; William E. Beaumont, Reg No w 3^996; Robert F. Gnuse, Reg. 

No. 27,295; Jean-Paul Lavalleye, Reg. NOw3X4£51; Stephen G. Baxter, Reg. NOJ32J384; Robert W. Hahi, Reg. No. 33,893; Richard L. Treanor, 

RegTNoZS^l^', Steven P. Weihrouch, Reg. No._32,829; John T. Goolkasian, Reg. Ho^25r\£2\ Richard L Chinn, Reg. No 34,305; Steven E- 
""\Upman, Reg. No^jaojl^ Cari E. Schlier, Reg. No. 34,426; James J. Kulbaski, Reg. No^J34j348; Richard A. Neifeid, Reg. ^^35^299; J. Derek 
I Mason, Reg. No^35^7p; Surinder Sachar, Reg.^NoT^^gS; Christina M Gadiano, Reg. No. 37J528; Jeffrey B. Mclntyre, Reg. No-J^^BT^. 
f Paul E. Rauch, Reg. Nq_^8^E1; William T. Enos, Reg. No.J33J28 and Michael E. McCabe, Jr., Reg. No. 37,182, with full powers of 

substitution and revocation. — ~_ 



SSB^ftf 3fc Send Correspondence to: 

OBU>N, SPIVAK, McCljy_ANp, MAIER & NEUSTADT, P.C. 

~~ FOURTH FLOOR — — 



tf$S«Si3SI&5fc : (45 f5B:aWlg##) Direct Telephone Calls to: (name and telephone number) 

W (703) 413-3000 





\ Full name of sole or first joint inventor 

* Masakazu Y&MAMOTO 




Inventor's signature Date 

y<^-s^/<a-4^ ^^y?^u77?V~ October 12, 2000 


mm 


Residence ^/o^&ara Corporation, 11-1, -f*j) x / 
Haneda Asahi-cho, Ohta-ku, Tokyo, Japan "y f / 




Citizenship 
Japan 




Post Office Address 
same as above 








)i Full name of second joint inventor, if any 

'vYoshio MIYAKE 




Second joint Inventor's signature Date 

October 12, 2000 


fl-Br 


Residence c/o Ebara Corporaton, 11-1, —frr?"'}/ 
Haneda Asahi-cho, Ohta-ku, Tokyo, Japan3:/ 


mm 


Citizenship 

Japan 




Post Office Address 

same as above 







{%^.\>XU(O^M^m%^r>\ >T fe icERL. S£1"& £ t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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Japanese Language Declaration 







V: 


^| Full name of third joint inventor, if any 

}^ JJunga KAWABATA 








Third joint Inventor's signature Date 
Juu^ v<l Ko^n^Ak October 12, 2000 




Residence c/o Ebara Corporation, 11-1, \ 
Haneda Asahi-cho, Ohta-ku, Tokvo^ Jaraft^V 




Citizenship ! 
Japan 




Post Office Address 

same as above 









/ Full name of fourth joint inventor, if any 

JCeita UWAI 




Fourthjoint Inventor's signature Date 

Stfvsfy {JajaA October 12. 2000 . 




Residence c/o Ebara Corporation, 11-1, -~fkj 
Haneda Asahi-cho, Ohta-ku, Tokyo, Jaratf 




Citizenship 
Japan 




Post Office Address 

same as above 










\ Full name of fifth joint inventor, if any 

J Yoshiaki MIYAZAKI 




Fifth joint Inventor's signature , Date 

l&WWti %MAOA,cdA October 12. 2000 


mm 


Residence c/o Ebara Corporation, ll-4r^V 
Haneda Asahi-cho, Ohta-ku, Tokyo, Japahf /\ 


mm 


Citizenship 
Japan 




Post Office Address 
same as above 










) Full name of sixth joint inventor, if any 
Katsuji IIJIMA 




Sixth joint Inventory signature Date 

TLht4jJ^v JJ^wlAs* October 12, 2000 




Residence^ c/o Ebara Corporation, ll-ir^7^ 
Haneda Asahi-cho, Ohta-ku, Tokyo, Japan/7 f\ 


Blf 


Citizenship s 

Japan 




Post Office Address 

same as above 






(SKA * £ & * nWB^^HSS^if t-M *>l§ltt&ti (Supply similar information and signature for third and sub- 
SB & £ S SMtT sequent joint inventors.) 
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Japanese Language Declaration 

(B*§§fiW») 

SffjR : &ttT&4>38W#fc L--C, $ffi^tcl3-fa— ^£>^ic§ POWER OF ATTORNEY: As a named inventor, 1 hereby appoint 
*R¥fm-m^ffitzMLxmfti~&&m±&tz&1XmAt It, the following attorney(s) and/or agent(s) to prosecute this 
TlEGD^&it^ >fc lito application and transact all business in the Patent and Trademark 
<#*±. *fettftaA«)it€Sr/fS«S^*Wiaa)e:fc) * Office connected therewith: f/ysf name and registration number) 

Norman R Obion, Reg. No. 24,618; Marvin J. Spivak, Reg. No. 24,913; C. Irvin McClelland, Reg. No. 21,124; Gregory J. Maier, Reg. No. 
25,599; Arthur I. Neustadt, Reg. No. 24,854; Richard D. Kelly Reg. No. 27,757; James D. Hamilton, Reg. No. 28,421; Eckhard H. Kuesters, 
Reg. No. 28,870; Robert T. Pous, Reg. No. 29,099; Charles L Gholz, Reg. No. 26,395; William E. Beaumont, Reg. No. 30,996; Jean-Paul 
Lavalieye, Reg. No. 31,451; Stephen G, Baxter, Reg. No. 32,884; Richard L. Treanor, Reg. No. 36,379; Steven R Weihrouch, Reg. No. 
32,829; John T. Goolkasian, Reg. No. 26,142; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. No. 30,011; Carl E. Schlier, Reg. 
wo. o**-, 4 *^©, james j. i\uioasKi, neg. ino. o4,o4o, rticnara a, rMeiTeta, Meg. no. oo^yy, J. uereK Mason, Heg. No. 35,270; Sunnder Sachar, 
Reg. No, 34,423; Christina M. Gadiano, Reg. No. 37,628; Jeffrey B. Mclntyre, Reg. No. 36,867; William T. Enos, Reg. No. 33,128; Michael E. 
McCabe, Jr., Reg. No. 37,182; Bradley D. Lytfe, Reg. No. 40,073; and Michael R. Casey Reg. No. 40,294, with full powers of substitution and 
revocation. 






Send Correspondence to: 

OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT, P.C. 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VIRGINIA 22202 U.SA 








Direct Telephone Calls to: (name and telephone number) 
(703) 413-3000 
















rz oovGntih. 

/\ Full name of X5fe&$T5J i 0 ' 0 * inventor 

i v Hiromi TAMA I 








Inventor's signature Date 

H^^^T^-^^ October 12. 20( 


10 

t 






Residence c/o Ebara Corporation, 11-1, 
Haneda Asahi-cho, Ohta-ku, Tokyo, 3agax&) c f y f 




mm 


Citizenship 
Japan 


f 






Post Office Address 

same as above 
















Full name of second joint inventor, if any 








Second joint inventor's signature Date 








Residence 






Biff 


Citizenship 








Post Office Address 
















(Supply similar information and signature for third and subsequent 
joint inventors.) 






6 
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